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(57) ABSTRACT 

The present invention relates to methods of using a G protein 
coupled receptor (GPCR) to screen one or more candidate 
compounds as a modulator of body mass or of adiposity or of 
percentage body fat in a Subject or as a pharmaceutical agent 
for obesity and conditions related thereto. Inverse agonists 
and antagonists of the invention are useful as therapeutic 
agents for the prevention or treatment of obesity and condi 
tions related thereto, including hypertension, insulin resis 
tance, metabolic syndrome, Type 2 diabetes, dyslipidemia, 
atherosclerosis, coronary heart disease, and stroke. Agonists 
and partial agonists of the invention are useful as therapeutic 
agents for the prevention or treatment of disorders amelio 
rated by increasing body mass including, but not limited to, 
cachexia. 
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Figure 3A. Targeting strategy 
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Figure 3B. 
Verification of GPR50 exon2 deletion 
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Figure 4A 

Body weight of GPR50 knockout mice on chow or high fat diet for 15 weeks compared 
to wild-type C57BL/6J on high fat diet 
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Figure 4B 

Body weight gain of GPR50-knockout mice on chow or high fat diet for 15 
weeks compared to wild-type C57BL/6J on high fat diet 
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Figure 5A 

Body weight of GPR50-knockout and wild-type mice on high fat diet 
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Figure 5B 

Body weight gain of GPR50-knockout and wild-type mice on high fat diet 
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Figure 7A 
Food intake and body weight in the ad libitum 
fed and in the food-restricted rats Over the 

two-week Course of the experiment 
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Figure 7B 
GPR50 mRNA expression in the central part of the 
dorsomedial nucleus of the hypothalamus (DMHC) in 

the ad ibitum fed and in the food-restricted rats 
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Figure 7C 
GPR50 mRNA expression and NPY mRNA expression 

in the central part of the dorsomedial nucleus of the 
hypothalamus (DMHC) in the ad libitum fed and in the 

food-restricted rats 
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METHODS OF DENTIFYING CANDDATE 
COMPOUNDS OF THE HUMANG 

PROTEIN-COUPLED RECEPTOR, GPR50, AS 
MODULATORS OF BODY MASS OR 

ADPOSITY 

FIELD OF THE INVENTION 

The present invention relates to methods of using a G 
protein-coupled receptor (GPCR) to screen one or more can 
didate compounds as a modulator of body mass or of adipos 
ity or of percentage body fat in a subject or as a pharmaceu 
tical agent for obesity and conditions related thereto. Inverse 
agonists and antagonists of the invention are useful as thera 
peutic agents for the prevention or treatment of obesity and 
conditions related thereto, including hypertension, insulin 
resistance, metabolic syndrome, Type 2 diabetes, dyslipi 
demia, atherosclerosis, coronary heart disease, and stroke. 
Agonists and partial agonists of the invention are useful as 
therapeutic agents for the prevention or treatment of disorders 
ameliorated by increasing body mass including, but not lim 
ited to, cachexia. 

BACKGROUND OF THE INVENTION 

The following discussion is intended to facilitate the under 
standing of the invention, but is not intended nor admitted to 
be prior art to the invention. 

A. Obesity 
Obesity, which is defined as increased mass of adipose 

tissue, confers a higher risk of cardiovascular and metabolic 
disorders such as Type 2 diabetes, hyperlipidemia, and coro 
nary heart disease and an associated morbidity and mortality. 
Metabolic syndrome, a multiplex risk factor for cardiovascu 
lar disease, is defined on the basis of five criteria including 
one related to obesity Grundy et al. Circulation (2004) 109: 
433-438. 

Obesity is now a major healthcare issue in the Western 
World and increasingly in some third world countries. The 
increase in numbers of obese people is due largely to the 
increasing preference for high fat content foods but also, and 
this can be a more important factor, the decrease in activity in 
most people's lives. In the last 10 years there has been a 30% 
increase in the incidence of obesity in the USA and that about 
30% of the population of the USA is now considered obese. 
Whether someone is classified as overweight or obese is 
generally determined on the basis of their body mass index 
(BMI) which is calculated by dividing body weight (kg) by 
height squared (m). Thus, the units of BMI are kg/m and it 
is possible to calculate the BMI range associated with mini 
mum mortality in each decade of life. Overweight is defined 
as a BMI in the range 25.0-29.9 kg/m, and obesity as a BMI 
of 30 kg/m or greater (see Table A below). 

TABLE A 

CLASSIFICATION OF WEIGHT BY BODY MASS INDEX (BMI) 

BMI CLASSIFICATION 

<18.5 Underweight 
18.5-24.9 Normal 
2SO-29.9 Overweight 
300-34.9 Obesity (Class I) 
35.0-39.9 Obesity (Class II) 
>40 Extreme Obesity (Class III) 
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As the BMI increases there is an increased risk of death 

from a variety of causes that is independent of other risk 
factors. The most common diseases with obesity are cardio 
vascular disease particularly hypertension), diabetes (obesity 
aggravates the development of diabetes), gallbladder disease, 
cancer and diseases of reproduction. Research has shown that 
even a modest reduction in body weight can correspond to a 
significant reduction in the risk of developing coronary heart 
disease. 

There are problems however with the BMI definition in that 
it does not take into account the proportion of body mass that 
is muscle in relation to fat (adipose tissue). To account for 
this, obesity can also be defined on the basis of body fat 
content: greater than 25% in males and greater than 30% in 
females. 

Obesity considerably increases the risk of developing car 
diovascular diseases as well. Coronary insufficiency, athero 
matous disease, and cardiac insufficiency are at the forefront 
of the cardiovascular complication induced by obesity. It is 
estimated that if the entire population had an ideal weight, the 
risk of coronary insufficiency would decrease by 25% and the 
risk of cardiac insufficiency and of cerebral vascular acci 
dents by 35%. The incidence of coronary diseases is doubled 
in subjects less than 50 years of age who are 30% overweight. 
The diabetes patient faces a 30% reduced lifespan. After age 
45, people with diabetes are about three times more likely 
than people without diabetes to have significant heart disease 
and up to five times more likely to have a stroke. These 
findings emphasize the inter-relations between risks factors 
for Type 2 diabetes and coronary heart disease and the poten 
tial value of an integrated approach to the prevention of these 
conditions based on the prevention of obesity Perry, et al. 
BMJ (1995) 310:560-564). 

Diabetes has also been implicated in the development of 
kidney disease, eye diseases and nervous-system problems. 
Kidney disease, also called nephropathy, occurs when the 
kidney’s “filter mechanism' is damaged and protein leaks 
into urine in excessive amounts and eventually the kidney 
fails. Diabetes is also a leading cause of damage to the retina 
at the back of the eye and increases risk of cataracts and 
glaucoma. Finally, diabetes is associated with nerve damage, 
especially in the legs and feet, which interferes with the 
ability to sense pain and contributes to serious infections. 
Taken together, diabetes complications are one of the nations 
leading causes of death. 
The first line of treatment is to offer diet and life style 

advice to patients such as reducing the fat content of their diet 
and increasing their physical activity. However many patients 
find this difficult and need additional help from drug therapy 
to maintain results from these efforts. 
Most currently marketed products have been unsuccessful 

as treatments for obesity owing to a lack of efficacy or unac 
ceptable side-effect profiles. The most successful drug so far 
was the indirectly acting 5-hydroxytryptamine (5-HT) ago 
nist d-fenfluramine (ReduxTM) but reports of cardiac valve 
defects in up to one third of patients led to its withdrawal by 
the FDA in 1998. 

In addition, two drugs have recently been launched in the 
USA and Europe: Orlistat (XenicalTM), a drug that prevents 
absorption of fat by the inhibition of pancreatic lipase, and 
Sibutramine (ReductiltM), a 5-HT/noradrenaline re-uptake 
inhibitor. However, side effects associated with these prod 
ucts may limit their long-term utility. Treatment with Xeni 
calTM is reported to induce gastrointestinal distress in some 
patients, while Sibutramine has been associated with raised 
blood pressure in some patients. 



US 7,998,685 B2 
3 

There is an unmet medical need for agents that safely 
decrease body weight. The present invention is directed to 
this, as well as other, important end. 

B. GPR50 
GPR50 is an orphan GPCR closely related to the G protein 

coupled melatonin receptor family. The gene for GPR50 is 
situated on the X chromosome. Expression of GPR50 is 
reported to be restricted to hypothalamus and pituitary Rep 
pert et al, FEBS Letters (1996) 386:219-224). The coding 
region for GPR50 spans two exons. Several amino acid poly 
morphisms of human GPR50 have been described; by refer 
ence to GenBank(R) Accession No. AAIO3697, these include 
the substitutions Thr532Ala, Val606Ile, and the deletion 
A502-505 of four amino acids (Tbr.Thr. Gly. His). 

C. G Protein-Coupled Receptors 
Although a number of receptor classes exist in humans, by 

far the most abundant and therapeutically relevant is repre 
sented by the G protein-coupled receptor (GPCR) class. It is 
estimated that there are some 30,000-40,000 genes within the 
human genome, and of these, approximately 2% are esti 
mated to code for GPCRs. 
GPCRs represent an important area for the development of 

pharmaceutical products: from approximately 20 of the 100 
known GPCRs, approximately 60% of all prescription phar 
maceuticals have been developed. For example, in 1999, of 
the top 100 brand name prescription drugs, the following 
drugs interact with GPCRs (the primary diseases and/or dis 
orders treated related to the drug is indicated in parentheses): 

Claritin (R) (allergies) 
Paxil (R) (depression) 
Cozaar (R) (hypertension) 
Propulsid (R) (reflux disease) 
Pepcid (R) (reflux) 
Effexor (R) (depression) 
Allegra (R) (allergies) 
Diprivan (R) (anesthesia) 
Hytrin (R) (hypertension) 
Plavix (R) (MI/stroke) 
Xalatan (R) (glaucoma) 
Harnal (R) (prostatic hyperplasia) 
(MedAdNews 1999 Data). 

Prozac (R) (depression) 
Zoloft (R) (depression) 
Imitrex (R) (migraine) 
Risperdal (R) (schizophrenia) 
Gaster (R) (ulcers) 
Depakote (R) (epilepsy) 
Lupron (R) (prostate cancer) 
BuSpar (R) (anxiety) 
Wellbutrin (R) (depression) 
Toprol-XL (R) (hypertension) 
Singulair (R) (asthma) 

GPCRs share a common structural motif, having seven 
sequences of between 22 to 24 hydrophobic amino acids that 
form seven alpha helices, each of which spans the membrane 
(each span is identified by number, i.e., transmembrane-1 
(TM-1), transmembrane-2 (TM-2), etc.). The transmembrane 
helices are joined by Strands of amino acids between trans 
membrane-2 and transmembrane-3, transmembrane-4 and 
transmembrane-5, and transmembrane-6 and transmem 
brane-7 on the exterior, or “extracellular side, of the cell 
membrane (these are referred to as “extracellular regions 1, 
2 and 3 (EC-1, EC-2 and EC-3), respectively). The transmem 
brane helices are also joined by Strands of amino acids 
between transmembrane-1 and transmembrane-2, transmem 
brane-3 and transmembrane-4, and transmembrane-5 and 
transmembrane-6 on the interior, or “intracellular side, of 
the cell membrane (these are referred to as “intracellular 
regions 1, 2 and 3 (IC-1, IC-2 and IC-3), respectively). The 
“carboxy” (“C”) terminus of the receptor lies in the intracel 
lular space within the cell, and the “amino” (“N”) terminus of 
the receptor lies in the extracellular space outside of the cell. 

Generally, when a ligand binds with the receptor (often 
referred to as “activation of the receptor), there is a change in 
the conformation of the receptor that facilitates coupling 
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4 
between the intracellular region and an intracellular “G-pro 
tein.” It has been reported that GPCRs are “promiscuous’ 
with respect to G proteins, i.e., that a GPCR can interact with 
more than one G protein. See, Kenakin, Life Sciences (1988) 
43:1095-1101. Although other G proteins exist, currently, 
Gq, Gs, Gi. GZ and Go are G proteins that have been identi 
fied. Ligand-activated GPCR coupling with the G-protein 
initiates a signaling cascade process (referred to as “signal 
transduction'). Under normal conditions, signal transduction 
ultimately results in cellular activation or cellular inhibition. 
Although not wishing to be bound to theory, it is thought that 
the IC-3 loop as well as the carboxy terminus of the receptor 
interact with the G protein. 

Gs-coupled GPCRs elevate intracellular cAMP levels. 
GPCRs coupled to Gi. Go, or GZ lower intracellular cAMP 
levels. Gq-coupled GPCRs elevate intracellular IP and Ca" 
levels. 

There are also promiscuous G proteins, which appear to 
couple several classes of GPCRs to the phospholipase C 
pathway, such as G15 or G16 Offermanns & Simon, J Biol 
Chem (1995) 270:15175-80), or chimeric G proteins 
designed to couple a large number of different GPCRs to the 
same pathway, e.g. phospholipase C Milligan & Rees, 
Trends in Pharmaceutical Sciences (1999) 20:118-24. A 
GPCR coupled to the phospholipase C pathway elevates 
intracellular IPs and Ca" levels. 
Under physiological conditions, GPCRs exist in the cell 

membrane in equilibrium between two different conforma 

Vasotec (R) (hypertension) 
Zyprexa (R) (psychotic disorder) 
Zantac (R) (reflux) 
Serevent (R) (asthma) 
Atrovent (R) (bronchospasm) 
Cardura (R) (prostatic hypertrophy) 
Zoladex (R) (prostate cancer) 
Ventolin (R) (bronchospasm) 
Zyrtec (R) (rhinitis) 
Tenormin (R) (angina) 
Diovan (R) (hypertension) 

tions: an “inactive' state and an “active' state. A receptor in 
an inactive state is unable to link to the intracellular signaling 
transduction pathway to initiate signal transduction leading to 
a biological response. Changing the receptor conformation to 
the active state allows linkage to the transduction pathway 
(via the G-protein) and produces a biological response. 
A receptor may be stabilized in an active state by a ligand 

or a compound Such as a drug. Recent discoveries, including 
but not exclusively limited to modifications to the amino acid 
sequence of the receptor, provide means other than ligands or 
drugs to promote and stabilize the receptor in the active state 
conformation. These means effectively stabilize the receptor 
in an active state by simulating the effect of a ligand binding 
to the receptor. Stabilization by such ligand-independent 
means is termed “constitutive receptor activation.” 

SUMMARY OF THE INVENTION 

Nucleotide sequence encoding human GPR50 polypeptide 
is given in SEQ ID NO: 1; the amino acid sequence of said 
encoded human GPR50 polypeptide is given in SEQID NO: 
2. Nucleotide sequence encoding human GPR50 polypeptide 
comprising A502-505 is given in SEQID NO:3: the amino 
acid sequence of said encoded human GPR50 polypeptide 
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comprising A502-505 is given in SEQID NO: 4. Nucleotide 
sequence encoding mouse GPR50 polypeptide is given in 
SEQ ID NO: 5; the amino acid sequence of said encoded 
mouse GPR50 polypeptide is given in SEQID NO: 6. Nucle 
otide sequence encoding rat GPR50 polypeptide is given in 
SEQID NO: 7; the amino acid sequence of said encoded rat 
GPR50 polypeptide is given in SEQID NO: 8. 

Applicants have shown that GPR50-deficient mice exhibit 
protection from body weight gain induced by a high-fat diet. 
The present invention features methods relating to GPR50 for 
identifying a candidate compound as a modulator of body 
mass or of adiposity or of percentage body fat in a Subject or 
as a pharmaceutical agent for obesity and conditions related 
thereto. Inverse agonists and antagonists of the invention are 
useful as therapeutic agents for the prevention or treatment of 
obesity and conditions related thereto, including hyperten 
Sion, insulin resistance, metabolic syndrome, Type 2 diabetes, 
dyslipidemia, atherosclerosis, coronary heart disease, and 
stroke. 

In a first aspect, the invention features a method of identi 
fying a candidate compound as a modulator of body mass in 
a subject, comprising the steps of 

(a) contacting the candidate compound with a GPCR com 
prising an amino acid sequence selected from the group 
consisting of: 
(i) the amino acid sequence of SEQID NO: 2; 
(ii) amino acids 2-617 of SEQID NO: 2: 
(iii) amino acids 2-617 of SEQ ID NO: 2, wherein the 
GPCR does not comprise amino acids 1-617 of SEQ 
ID NO. 2: 

(iv) the amino acid sequence of (i), (ii) or (iii), wherein 
SEQID NO: 2 comprises any combination of a sub 
stitution of serine at amino acid position 493 of SEQ 
ID NO: 2 with asparagine, a substitution of threonine 
at amino acid position 532 of SEQ ID NO: 2 with 
alanine, and a Substitution of valine at amino acid 
position 606 of SEQID NO: 2 with isoleucine; 

(v) the amino acid sequence of SEQID NO: 4; 
(vi) amino acids 2-613 of SEQID NO: 4; 
(vii) amino acids 2-613 of SEQ ID NO: 4, wherein the 
GPCR does not comprise amino acids 1-613 of SEQ 
ID NO: 4; 

(viii) the amino acid sequence of (V), (vi) or (vii), 
wherein SEQID NO: 4 comprises any combination of 
a Substitution of asparagine at amino acid position 
493 of SEQ ID NO: 4 with serine, a substitution of 
alanine at amino acid position 528 of SEQID NO: 4 
with threonine, and a Substitution of valine at amino 
acid position 602 of SEQID NO: 4 with isoleucine; 

(ix) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide that is amplifi 
able by polymerase chain reaction (PCR) on a human 
DNA sample using specific primers SEQ ID NO: 9 
and SEQID NO: 10; 

(X) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 1 
or SEQID NO:3: 

(xi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 2 or SEQID NO: 
4. 

(xii) the amino acid sequence of SEQID NO: 6; 
(xiii) amino acids 2-591 of SEQID NO: 6: 
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(xiv) amino acids 2-591 of SEQID NO: 6 wherein the 
GPCR does not comprise amino acids 1-591 of SEQ 
ID NO: 6; 

(XV) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 5; 

(Xvi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 6: 

(xvii) the amino acid sequence of SEQID NO: 8: 
(xviii) amino acids 2-594 of SEQID NO: 8: 
(xix) amino acids 2-594 of SEQID NO: 8, wherein the 
GPCR does not comprise amino acids 1-594 of SEQ 
ID NO: 8: 

(XX) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 7; 

(XXi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 8; and 

(XXii) the amino acid sequence of a G protein-coupled 
receptor that is a constitutively active version of a 
receptor having SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof. 
wherein the receptor couples to a G protein; and 

(b) determining the ability of the compound to inhibit or 
stimulate functionality of the GPCR, 

wherein the ability of the compound to inhibit or stimulate 
functionality of the GPCR is indicative of the compound 
being a modulator of body mass in the Subject. 

In some embodiments, the GPCR comprises the amino 
acid sequence of SEQID NO: 2 or SEQID NO: 4. 

In some embodiments, the GPCR comprises the amino 
acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, the body mass comprises weight 
gain induced by a high fat diet. 

In some embodiments, the Subject is a mammal. In some 
embodiments, the marmmal is a human. 
The invention also features a method of identifying a can 

didate compound as a modulator of adiposity in a Subject, 
comprising the steps of 

(a) contacting the candidate compound with a GPCR com 
prising an amino acid sequence selected from the group 
consisting of: 
(i) the amino acid sequence of SEQID NO: 2; 
(ii) amino acids 2-617 of SEQID NO: 2: 
(iii) amino acids 2-617 of SEQ ID NO: 2, wherein the 
GPCR does not comprise amino acids 1-617 of SEQ 
ID NO. 2: 

(iv) the amino acid sequence of (i), (ii) or (iii), wherein 
SEQID NO: 2 comprises any combination of a sub 
stitution of serine at amino acid position 493 of SEQ 
ID NO: 2 with asparagine, a substitution of threonine 
at amino acid position 532 of SEQ ID NO: 2 with 
alanine, and a Substitution of valine at amino acid 
position 606 of SEQID NO: 2 with isoleucine; 

(v) the amino acid sequence of SEQID NO: 4; 
(vi) amino acids 2-613 of SEQID NO: 4; 
(vii) amino acids 2-613 of SEQID NO: 4, wherein the 
GPCR does not comprise amino acids 1-613 of SEQ 
ID NO: 4; 
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(viii) the amino acid sequence of (V), (vi) or (vii), 
wherein SEQID NO: 4 comprises any combination of 
a Substitution of asparagine at amino acid position 
493 of SEQ ID NO: 4 with serine, a substitution of 
alanine at amino acid position 528 of SEQID NO: 4 
with threonine, and a Substitution of valine at amino 
acid position 602 of SEQID NO: 4 with isoleucine; 

(ix) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide that is amplifi 
able by polymerase chain reaction (PCR) on a human 
DNA sample using specific primers SEQ ID NO: 9 
and SEQID NO: 10; 

(X) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 1 
or SEQID NO:3: 

(xi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 2 or SEQID NO: 
4. 

(xii) the amino acid sequence of SEQID NO: 6; 
(xiii) amino acids 2-591 of SEQID NO: 6: 
(xiv) amino acids 2-591 of SEQID NO: 6 wherein the 
GPCR does not comprise amino acids 1-591 of SEQ 
ID NO: 6; 

(XV) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 5; 

(Xvi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 6; 

(xvii) the amino acid sequence of SEQID NO: 8: 
(xviii) amino acids 2-594 of SEQID NO: 8: 
(xix) amino acids 2-594 of SEQID NO: 8, wherein the 
GPCR does not comprise amino acids 1-594 of SEQ 
ID NO: 8: 

(XX) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 7; 

(XXi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 8; and 

(XXii) the amino acid sequence of a G protein-coupled 
receptor that is a constitutively active version of a 
receptor having SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof; 
wherein the receptor couples to a G protein; and 

(b) determining the ability of the compound to inhibit or 
stimulate functionality of the GPCR; 

wherein the ability of the compound to inhibit or stimulate 
functionality of the GPCR is indicative of the compound 
being a modulator of adiposity in the Subject. 

In some embodiments, the GPCR comprises the amino 
acid sequence of SEQID NO: 2 or SEQID NO: 4. 

In some embodiments, the GPCR comprises the amino 
acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, the adiposity comprises increased 
adiposity induced by a high fat diet. 

In some embodiments, the Subject is a mammal. In some 
embodiments, the mammal is a human. 
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The invention also features a method of identifying a can 

didate compound as a modulator of percentage body fat in a 
Subject, comprising the steps of 

(a) contacting the candidate compound with a GPCR com 
prising an amino acid sequence selected from the group 
consisting of: 
(i) the amino acid sequence of SEQID NO: 2; 
(ii) amino acids 2-617 of SEQID NO: 2: 
(iii) amino acids 2-617 of SEQ ID NO: 2, wherein the 
GPCR does not comprise amino acids 1-617 of SEQ 
ID NO. 2: 

(iv) the amino acid sequence of (i), (ii) or (iii), wherein 
SEQID NO: 2 comprises any combination of a sub 
stitution of serine at amino acid position 493 of SEQ 
ID NO: 2 with asparagine, a substitution of threonine 
at amino acid position 532 of SEQ ID NO: 2 with 
alanine, and a Substitution of valine at amino acid 
position 606 of SEQID NO: 2 with isoleucine; 

(v) the amino acid sequence of SEQID NO: 4; 
(vi) amino acids 2-613 of SEQID NO: 4; 
(vii) amino acids 2-613 of SEQID NO: 4, wherein the 
GPCR does not comprise amino acids 1-613 of SEQ 
ID NO: 4; 

(viii) the amino acid sequence of (V), (vi) or (vii), 
wherein SEQID NO: 4 comprises any combination of 
a Substitution of asparagine at amino acid position 
493 of SEQID NO: 4 with serine, a substitution of 
alanine at amino acid position 528 of SEQID NO: 4 
with threonine, and a Substitution of valine at amino 
acid position 602 of SEQID NO: 4 with isoleucine; 

(ix) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide that is amplifi 
able by polymerase chain reaction (PCR) on a human 
DNA sample using specific primers SEQ ID NO: 9 
and SEQID NO: 10; 

(X) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 1 
or SEQID NO:3: 

(xi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 2 or SEQID NO: 
4. 

(xii) the amino acid sequence of SEQID NO: 6; 
(xiii) amino acids 2-591 of SEQID NO: 6: 
(xiv) amino acids 2-591 of SEQID NO: 6 wherein the 
GPCR does not comprise amino acids 1-591 of SEQ 
ID NO: 6; 

(XV) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 5; 

(Xvi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 6: 

(xvii) the amino acid sequence of SEQID NO: 8: 
(xviii) amino acids 2-594 of SEQID NO: 8: 
(xix) amino acids 2-594 of SEQID NO: 8, wherein the 
GPCR does not comprise amino acids 1-594 of SEQ 
ID NO: 8: 

(XX) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 7; 

(XXi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 



US 7,998,685 B2 
9 

80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 8; and 

(XXii) the amino acid sequence of a G protein-coupled 
receptor that is a constitutively active version of a 
receptor having SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof; 
wherein the receptor couples to a G protein; and 

(b) determining the ability of the compound to inhibit or 
stimulate functionality of the GPCR; 

wherein the ability of the compound to inhibit or stimulate 
functionality of the GPCR is indicative of the compound 
being a modulator of percentage body fat in the Subject. 

In some embodiments, the GPCR comprises the amino 
acid sequence of SEQID NO: 2 or SEQID NO: 4. 

In some embodiments, the GPCR comprises the amino 
acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, percentage body fat comprises 
increased percentage body fat induced by a high fat diet. 

In some embodiments, the Subject is a mammal. In some 
embodiments, the mammal is a human. 
The invention also features a method of identifying a can 

didate compound as a pharmaceutical agent for obesity or a 
condition related thereto, comprising the steps of: 

(a) contacting the candidate compound with a GPCR com 
prising an amino acid sequence selected from the group 
consisting of: 
(i) the amino acid sequence of SEQID NO: 2; 
(ii) amino acids 2-617 of SEQID NO: 2: 
(iii) amino acids 2-617 of SEQID NO: 2, wherein the 
GPCR does not comprise amino acids 1-617 of SEQ 
ID NO. 2: 

(iv) the amino acid sequence of (i), (ii) or (iii), wherein 
SEQID NO: 2 comprises any combination of a sub 
stitution of serine at amino acid position 493 of SEQ 
ID NO: 2 with asparagine, a substitution of threonine 
at amino acid position 532 of SEQ ID NO: 2 with 
alanine, and a Substitution of valine at amino acid 
position 606 of SEQID NO: 2 with isoleucine; 

(v) the amino acid sequence of SEQID NO: 4; 
(vi) amino acids 2-613 of SEQID NO: 4; 
(vii) amino acids 2-613 of SEQ ID NO: 4, wherein the 
GPCR does not comprise amino acids 1-613 of SEQ 
ID NO: 4; 

(viii) the amino acid sequence of (V), (vi) or (vii), 
wherein SEQID NO: 4 comprises any combination of 
a Substitution of asparagine at amino acid position 
493 of SEQ ID NO: 4 with serine, a substitution of 
alanine at amino acid position 528 of SEQID NO: 4 
with threonine, and a Substitution of valine at amino 
acid position 602 of SEQID NO: 4 with isoleucine; 

(ix) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide that is amplifi 
able by polymerase chain reaction (PCR) on a human 
DNA sample using specific primers SEQ ID NO: 9 
and SEQID NO: 10; 

(X) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 1 
or SEQID NO:3: 

(xi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 2 or SEQID NO: 
4. 
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(xii) the amino acid sequence of SEQID NO: 6; 
(xiii) amino acids 2-591 of SEQID NO: 6: 
(xiv) amino acids 2-591 of SEQID NO: 6 wherein the 
GPCR does not comprise amino acids 1-591 of SEQ 
ID NO: 6; 

(XV) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 5; 

(Xvi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 6: 

(xvii) the amino acid sequence of SEQID NO: 8: 
(xviii) amino acids 2-594 of SEQID NO: 8: 
(xix) amino acids 2-594 of SEQID NO: 8, wherein the 
GPCR does not comprise amino acids 1-594 of SEQ 
ID NO: 8: 

(XX) the amino acid sequence of a G protein-coupled 
receptor encoded by a polynucleotide hybridizing at 
high stringency to the complement of SEQID NO: 7; 

(XXi) the amino acid sequence of a G protein-coupled 
receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least 
about 95% identity to SEQID NO: 8; and 

(XXii) the amino acid sequence of a G protein-coupled 
receptor that is a constitutively active version of a 
receptor having SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof. 
wherein the receptor couples to a G protein; and 

(b') determining the ability of the compound to inhibit 
functionality of the GPCR; wherein the ability of the 
compound to inhibit functionality of the GPCR is 
indicative of the compound being a pharmaceutical 
agent for obesity or the condition related thereto. 

The invention additionally features a method of identifying 
a candidate compound as a pharmaceutical agent for obesity 
or a condition related thereto, comprising steps (a") and (b") of 
this first aspect, and further comprising: 

(c) optionally synthesizing a compound which inhibits 
functionality of the GPCR in step (b'): 

(d) administering a compound which inhibits functionality 
of the GPCR in step (b") to a mammal; and 

(e') determining whether the compound confers protection 
from weight gain in the mammal; 

wherein the ability of the candidate compound to confer 
protection from weight gain in the mammal is indicative of 
the candidate compound being a pharmaceutical agent for 
obesity or a condition related thereto. 

In some embodiments, said protection from weight gain in 
the mammal comprises protection from weight gain in the 
mammal induced by a high fat diet. 

In some embodiments, the candidate compound is shown 
to confer protection from weight gain in the mammal induced 
by a high fat diet. 

In some embodiments, the pharmaceutical agent for obe 
sity or a condition related thereto is a compound for prevent 
ing or treating obesity or a condition related thereto. 

In some embodiments, the compound which inhibits func 
tionality of the GPCR in step (b") is an inverse agonist or 
antagonist of the GPCR. 

In some embodiments, the mammal is a non-human mam 
mal. In some embodiments, the mammal is a laboratory ani 
mal. In some embodiments, the mammal is a non-human 
primate. In some embodiments, the mammal is a rodent. In 
Some embodiments, the mammal is a rat. In some embodi 
ments, the mammal is a mouse. 
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In some embodiments, the GPCR comprises the amino 
acid sequence of SEQID NO: 2 or SEQID NO: 4. 

In some embodiments, the GPCR comprises the amino 
acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, the G protein-coupled receptor hav 
ing at least about 75%, at least about 80%, at least about 85%, 
at least about 90% or at least about 95% identity to SEQID 
NO: 2, SEQID NO:4, SEQID NO: 6 or SEQID NO: 8 is an 
endogenous GPCR. In some embodiments, the G protein 
coupled receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least about 
95% identity to SEQID NO: 2, SEQID NO:4, SEQID NO: 
6 or SEQID NO: 8 is a mammalian endogenous GPCR. In 
Some embodiments, the G protein-coupled receptor having at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8 is a 
non-endogenous GPCR. 

In some embodiments, the G protein-coupled receptor that 
is a constitutively active version of a receptor having SEQID 
NO: 2 or SEQID NO. 4 is an endogenous G protein-coupled 
receptor. In some embodiments, the G protein-coupled recep 
tor that is a constitutively active version of a receptor having 
SEQ ID NO: 2 or SEQ ID NO. 4 is a non-endogenous G 
protein-coupled receptor. 

In some embodiments, the obesity comprises weight gain 
induced by a high fat diet. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, insulin 
resistance, metabolic syndrome, Type 2 diabetes, dyslipi 
demia, atherosclerosis, coronary heart disease, and stroke. 

In some embodiments, the pharmaceutical agent for obe 
sity or a condition related thereto is a compound for prevent 
ing or treating obesity or a condition related thereto. 

In some embodiments, the compound that inhibits func 
tionality of the GPCR is an inverse agonist orantagonist of the 
GPCR. In some embodiments, the compound that inhibits 
functionality of the GPCR is an inverse agonist of the GPCR. 
In some embodiments, the compound that inhibits function 
ality of the GPCR is an antagonist of the GPCR. 

In some embodiments, the GPCR exhibits a detectable 
level of constitutive activity. In some embodiments, the con 
stitutive activity is for lowering a level of intracellular cAMP. 
In some embodiments, the constitutive activity is for causing 
melanophore cells to undergo pigment aggregation. 

In some embodiments, said contacting comprises contact 
ing in the presence of a known agonist of the GPCR. In some 
embodiments, the known agonist of the GPCR is a known 
agonist of endogenous human GPR50. In some embodiments 
relating to said contacting comprising contacting in the pres 
ence of a known agonist of the GPCR, the candidate com 
pound is contacted with the GPCR prior to the known agonist 
being contacted with the GPCR. In some embodiments relat 
ing to said contacting comprising contacting in the presence 
of a known agonist of the GPCR, the candidate compound is 
contacted with the GPCR for a period of up to several minutes 
prior to the known agonist being contacted with the GPCR. In 
Some embodiments relating to said contacting comprising 
contacting in the presence of a known agonist of the GPCR, 
the candidate compound is contacted with the GPCR for a 
period of up to about 5 min, of up to about 10 minor of up to 
about 30 min prior to the known agonist being contacted with 
the GPCR. 
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In some embodiments, said contacting comprises contact 

ing in the absence of a known ligand of the GPCR. In some 
embodiments, said contacting comprises contacting in the 
absence of a known ligand of endogenous human GPR50. In 
Some embodiments, said contacting comprises contacting in 
the absence of a known agonist of the GPCR. In some 
embodiments, said contacting comprises contacting in the 
absence of a known agonist of endogenous human GPR50. 

In some embodiments, PCR is RT-PCR. 
In some embodiments, the human DNA is human cDNA 

derived from a tissue or cell type that expresses GPR50. In 
some embodiments, the human clNA is derived from hypo 
thalamus or pituitary. 

In some embodiments, the G protein-coupled receptor 
encoded by a polynucleotide that is amplifiable by poly 
merase chain reaction (PCR) on a human DNA sample using 
specific primers SEQ ID NO: 9 and SEQ ID NO: 10 is an 
endogenous GPR50G protein-coupled receptor. 

In some embodiments, the Subject is a mammal. In some 
embodiments, the Subject is a mammal selected from the 
group consisting of mouse, rat and human. In some embodi 
ments, the Subject is a human. 

In some embodiments, the Subject is overweight or obese. 
In some embodiments, the Subject is overweight. In some 
embodiments, the subject is obese. 

In some embodiments, the ability of the compound to 
inhibit functionality of the GPCR is indicative of the com 
pound being a compound that decreases body mass in the 
Subject. 

In some embodiments, the ability of the compound to 
inhibit functionality of the GPCR is indicative of the com 
pound being a compound that decreases adiposity in the Sub 
ject. 

In some embodiments, the ability of the compound to 
inhibit functionality of the GPCR is indicative of the com 
pound being a compound that decreases percentage body fat 
in the subject. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or 'stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 

In some embodiments, the GPCR is recombinant. 
In some embodiments, the GPCR is endogenous. In some 

embodiments, the GPCR that is endogenous is a mammalian 
endogenous GPCR. In some embodiments, the GPCR that is 
a mammalian endogenous GPCR is a mammalian endog 
enous GPR50. In some embodiments, the GPCR is non 
endogenous. 
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In some embodiments, the GPCR is a mammalian GPR50. 
In some embodiments, the G protein-coupled receptor 

encoded by a polynucleotide hybridizing at high Stringency to 
the complement of SEQID NO: 1, SEQID NO:3, SEQ ID 
NO: 5 or SEQ ID NO: 7 is an endogenous GPCR. In some 
embodiments, the G protein-coupled receptor encoded by a 
polynucleotide hybridizing at high Stringency to the comple 
ment of SEQID NO: 1, SEQID NO:3, SEQID NO:5 or SEQ 
ID NO: 7 that is an endogenous GPCR is a mammalian 
GPCR. In some embodiments, the G protein-coupled recep 
tor encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 1, SEQID NO: 3, 
SEQID NO: 5 or SEQID NO: 7 exhibits a detectable level of 
constitutive activity. In some embodiments, the constitutive 
activity is for lowering a level of intracellular cAMP. In some 
embodiments, the constitutive activity is for causing melano 
phore cells to undergo pigment aggregation. In certain 
embodiments, the G protein-coupled receptor encoded by a 
polynucleotide hybridizing at high Stringency to the comple 
ment of SEQID NO: 1, SEQID NO:3, SEQID NO:5 or SEQ 
ID NO: 7 specifically binds an antibody that recognizes an 
mammalian endogenous GPR50 (an antibody that recognizes 
an endogenous mammalian GPR50 can be obtained commer 
cially from, e.g., Advanced Targeting Systems, San Diego, 
Calif.; and CHEMICON International, Inc., Temecula, 
Calif.) or specifically binds a known ligand of an mammalian 
endogenous GPR50. In certain embodiments, the known 
ligand of the mammalian endogenous GPR50 is an endog 
enous ligand of the mammalian endogenous GPR50. 

In some embodiments, the G protein-coupled receptor hav 
ing at least about 75% identity, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% identity 
to SEQ ID NO: 2 or SEQ ID NO: 4 is an endogenous G 
protein-coupled receptor. In some embodiments, the G pro 
tein-coupled receptor having at least about 75% identity, at 
least about 80%, at least about 85%, at least about 90% Or at 
least about 95% identity to SEQID NO: 2 or SEQID NO: 4 
is a non-endogenous G protein-coupled receptor. In some 
embodiments, the G protein-coupled receptor having at least 
about 75% identity, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
6 is an endogenous G protein-coupled receptor. In some 
embodiments, the G protein-coupled receptor having at least 
about 75% identity, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
6 is a non-endogenous G protein-coupled receptor. In some 
embodiments, the G protein-coupled receptor having at least 
about 75% identity, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
8 is an endogenous G protein-coupled receptor. In some 
embodiments, the G protein-coupled receptor having at least 
about 75% identity, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
8 is a non-endogenous G protein-coupled receptor. 

In some embodiments, said contacting comprises contact 
ing the candidate compound with a host cell or with mem 
brane of a host cell that expresses the GPCR, wherein said 
host cell comprises an expression vector comprising a poly 
nucleotide encoding the GPCR. 

In some embodiments, the method comprises co-transfect 
ing a host cell with the GPCR and with thyroid-stimulating 
hormone receptor (TSHR). 

In Some embodiments, said determining is carried out with 
membrane comprising the GPCR. 

In some embodiments, the method comprises detecting a 
second messenger. 
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In some embodiments, said determining is by a process 

comprising the measurement of a level of a second messenger 
selected from the group consisting of cyclic AMP (cAMP), 
cyclic GMP (cGMP), inositol 1,4,5-triphosphate (IP), dia 
cylglycerol (DAG), MAP kinase activity, MAPK/ERK kinase 
kinase-1 (MEKK1) activity, and Ca". In some embodiments, 
said second messenger is cAMP. In some embodiments, the 
level of intracellular cAMP is increased. 

In some embodiments, said determining is by a process 
comprising the use of a Melanophore assay. In some embodi 
ments, the melanophore cells undergo pigment aggregation. 
In some embodiments, the candidate compound inhibits ago 
nist induced pigment aggregation. In some embodiments, the 
candidate compound inhibits a level of constitutively induced 
pigment aggregation. 

In some embodiments, said determining is by a process 
comprising the measurement of GTPYS binding to membrane 
comprising the GPCR. In some embodiments, GTPYS bind 
ing to membrane comprising the GPCR is decreased. 

In some embodiments, the modulator of body mass or 
adiposity or percentage body fat in the Subject is a modulator 
of the GPCR selected from the group consisting of agonist, 
partial agonist, inverse agonist and antagonist. In some 
embodiments, the modulator of body mass or adiposity or 
percentage body fat in the Subject is an inverse agonist or 
antagonist of the GPCR. In some embodiments, the modula 
tor of body mass or adiposity or percentage body fat in the 
subject is an inverse agonist of the GPCR. In some embodi 
ments, the modulator of body mass or adiposity or percentage 
body fat in the subject is an antagonist of the GPCR. In some 
embodiments, the modulator of body mass or adiposity or 
percentage body fat in the Subject is a modulator of a mam 
malian GPR50. In some embodiments, the modulator of body 
mass or adiposity or percentage body fat in the Subject is a 
modulator of a human GPR50. 

In some embodiments, the candidate compound is a small 
molecule. 

In some embodiments, the candidate compound is a 
polypeptide. In some embodiments, the candidate compound 
is not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the candidate compound is a polypep 
tide, provided that the polypeptide is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
candidate compound is an antibody or an antigen-binding 
fragment thereof. In some embodiments, the candidate com 
pound is a lipid. In some embodiments, the candidate com 
pound is not a polypeptide. In some embodiments, the can 
didate compound is not a lipid. In some embodiments, the 
candidate compound is non-endogenous. In some embodi 
ments, the candidate compound is not endogenous. In some 
embodiments, the candidate compound is not material that a 
prokaryote or eukaryote naturally produces. In some embodi 
ments, the candidate compound is not material that a prokary 
ote naturally produces. In some embodiments, the candidate 
compound is not material that a eukaryote naturally produces. 
In some embodiments, the candidate compound is not mate 
rial that a mammal naturally produces. In some embodiments, 
the candidate compound is a compound not known to inhibit 
or stimulate functionality of the GPCR. In some embodi 
ments, the candidate compound is a compound not known to 
be an agonist of the GPCR. In some embodiments, the can 
didate compound is a compound not known to be a partial 
agonist of the GPCR. In some embodiments, the candidate 
compound is a compound not known to be an inverse agonist 
of the GPCR. In some embodiments, the candidate compound 
is a compound not known to be an antagonist of the GPCR. 
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In some embodiments, the modulator of body mass or 
adiposity or percentage body fat in the Subject is an agonist, 
partial agonist, inverse agonist or antagonist of the GPCR. In 
Some embodiments, the modulator of body mass or adiposity 
or percentage body fat in the Subject is an inverse agonist or 
antagonist of the GPCR. 

In some embodiments, the pharmaceutical agent is an 
inverse agonist or antagonist of the GPCR. 

In some embodiments, the method further comprises the 
step of comparing the modulation of the receptor caused by 
the candidate compound to a second modulation of the recep 
tor caused by contacting the receptor with a known modulator 
of the receptor. 

In some embodiments, said method further comprises the 
step of formulating the modulator or the pharmaceutical 
agent into a pharmaceutical composition. In some embodi 
ments, the modulator or the pharmaceutical agent is an 
inverse agonist or an antagonist of the GPCR. 

In Some embodiments, said method further comprises syn 
thesis of the modulator or the pharmaceutical agent. In some 
embodiments, the modulator or the pharmaceutical agent is 
an inverse agonist or an antagonist of the GPCR. 

In some embodiments, said method further comprises: 
optionally, determining the structure of the modulator or the 
pharmaceutical agent; and providing the modulator or the 
pharmaceutical agent or the name or structure of the modu 
lator or the pharmaceutical agent. In some embodiments, the 
modulator or the pharmaceutical agent is an inverseagonist or 
an antagonist of the GPCR. 

In some embodiments, said method further comprises: 
optionally, determining the structure of the modulator or the 
pharmaceutical agent; optionally, providing the modulator or 
the pharmaceutical agent or the name or structure of the 
modulator or the pharmaceutical agent; and producing or 
synthesizing the modulator or the pharmaceutical agent. In 
Some embodiments, the modulator or the pharmaceutical 
agent is an inverse agonist or an antagonist of the GPCR. 

In some embodiments, the method comprises identifying 
an agonist of the GPCR. In some embodiments, the method 
further comprises formulating said agonist as a pharmaceu 
tical. In some embodiments, the method comprises identify 
ing a partial agonist of the GPCR. In some embodiments, the 
method further comprises formulating said partial agonist as 
a pharmaceutical. In some embodiments, the method com 
prises identifying an inverse agonist of the GPCR. In some 
embodiments, the method further comprises formulating said 
inverse agonist as a pharmaceutical. In some embodiments, 
the method comprises identifying an antagonist of the GPCR. 
In some embodiments, the method further comprises formu 
lating said antagonist as a pharmaceutical. 

In some embodiments, the baseline intracellular response 
(e.g., the response in the absence of a known agonist) is 
inhibited in the presence of the inverse agonist by at least 
about 10%, at least about 20%, at least about 30%, at least 
about 40%, at least about 50%, at least about 60%, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, or at least about 95% as 
compared with the baseline response in the absence of the 
inverse agonist. 

In some embodiments, the baseline intracellular response 
(e.g., the response in the presence of a known agonist) is 
inhibited in the presence of the antagonist by at least about 
10%, at least about 20%, at least about 30%, at least about 
40%, at least about 50%, at least about 60%, at least about 
70%, at least about 75%, at least about 80%, at least about 
85%, at least about 90%, or at least about 95% as compared 
with the baseline response in the absence of the antagonist. 
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In some embodiments, said contacting of the candidate 

compound with a GPCR comprises contacting the candidate 
compound with a eukaryotic host cell comprising the GPCR 
or with membrane thereof comprising the GPCR. In some 
embodiments, the eukaryotic host cell is a mammalian host 
cell. In some embodiments, the mammalian host cell is a 
CHO cell, a COS-7 cell, an MCB3901 cell, a 293 cell or a 
293T cell. In some embodiments, the eukaryotic host cell is a 
melanophore host cell. In some embodiments, the eukaryotic 
host cell is a yeast host cell. In some embodiments, the 
eukaryotic host cell is a recombinant eukaryotic host cell. 

In a second aspect, the invention features a modulator or a 
pharmaceutical agent identifiable according to a method of 
the first aspect. 

In some embodiments, the modulator or the pharmaceuti 
cal agentis identified according to a method of the first aspect. 

In some embodiments, the modulator or the pharmaceuti 
cal agent is an agonist, a partial agonist, an inverse agonist, or 
an antagonist of the GPCR. In some embodiments, the ago 
nist, partial agonist, inverse agonist, or antagonist of the 
GPCR is an agonist, partial agonist, inverse agonist, or 
antagonist of a mammalian GPR50. In some embodiments, 
the mammalian GPR50 is a human GPR50. 

In some embodiments, the modulator or the pharmaceuti 
cal agent is an inverse agonist or antagonist of the GPCR. In 
Some embodiments, the modulator or the pharmaceutical 
agent is an inverse agonist of the GPCR. In some embodi 
ments, the modulator or the pharmaceutical agent is an 
antagonist of the GPCR. In some embodiments, the inverse 
agonist or antagonist of the GPCR is an inverse agonist or 
antagonist of a mammalian GPR50. In some embodiments, 
the mammalian GPR50 is a human GPR50. 

In some embodiments, the modulator or the pharmaceuti 
cal agent is a Small molecule. 

In some embodiments, the modulator or the pharmaceuti 
cal agent is a polypeptide. In some embodiments, the modu 
lator or the pharmaceutical agent is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator or the pharmaceutical agent is a polypeptide, pro 
vided that the polypeptide is not an antibody or an antigen 
binding fragment thereof. In some embodiments, the modu 
lator or the pharmaceutical agent is an antibody oran antigen 
binding fragment thereof. In some embodiments, the 
modulator or the pharmaceutical agent is a lipid. In some 
embodiments, the modulator or the pharmaceutical agent is 
not a polypeptide. In some embodiments, the modulator or 
the pharmaceutical agent is not a lipid. In some embodiments, 
the modulator or the pharmaceutical agent is non-endog 
enous. In some embodiments, the modulator or the pharma 
ceutical agent is not endogenous. In some embodiments, the 
modulator or the pharmaceutical agent is not material that a 
prokaryote or eukaryote naturally produces. In some embodi 
ments, the modulator or the pharmaceutical agent is not mate 
rial that a prokaryote naturally produces. In some embodi 
ments, the modulator or the pharmaceutical agent is not 
material that a eukaryote naturally produces. In some 
embodiments, the modulator or the pharmaceutical agent is 
not material that a mammal naturally produces. 

In some embodiments, the modulator or the pharmaceuti 
cal agent is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM at human, mouse 
or rat GPR50, preferably at human GPR50. In some embodi 
ments, the modulator or the pharmaceutical agent is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator or the pharmaceutical agent is 
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an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 1 uM. In 
Some embodiments, the modulator or the pharmaceutical 
agent is an inverse agonist or antagonist with an ICso of less 
than a value selected from the interval of about 10 nM to 100 
nM. In some embodiments, the modulator or the pharmaceu 
tical agent is an inverse agonist or antagonist with an ICs of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in GTPYS binding 
assay carried out with membrane from transfected CHO cells, 
or in pigment aggregation assay carried out in transfected 
melanophores, or in cAMP assay carried out in transfected 
293 cells optionally co-transfected with TSHR, wherein the 
transfected CHO cells or the transfected melanophore cells or 
the transfected 293 cells express a recombinant GPR50 hav 
ing an amino acid sequence selected from SEQ ID NO: 2, 
SEQID NO: 4, SEQ ID NO: 6 and SEQID NO:8. In some 
embodiments, the recombinant GPR50 has the amino acid 
sequence of SEQ ID NO: 2. In some embodiments, the 
recombinant GPR50 has the amino acid sequence of SEQID 
NO: 4. In some embodiments, the modulator or the pharma 
ceutical agent is an inverse agonist orantagonist with an ICso 
of less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator or the pharmaceutical 
agent is an inverse agonist or antagonist with an ICso in said 
assay of less than a value selected from the interval of about 
10 nM to 10 uM. In some embodiments, the modulator or the 
pharmaceutical agent is an inverse agonist orantagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 1 uM. In some embodiments, the 
modulator or the pharmaceutical agent is an inverseagonist or 
antagonist with an ICso in said assay of less than a value 
Selected from the interval of about 10 nM to 100 nM. 

In some embodiments, the modulator or the pharmaceuti 
cal agent is orally active. 

In a third aspect, the invention features a pharmaceutical 
composition comprising a modulator of a mammalian GPR50 
and a pharmaceutically acceptable carrier. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQ ID NO: 2. In some 
embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator of the mammalian 
GPR50 is an agonist, partial agonist, inverse agonist, or 
antagonist of the mammalian GPR50. 

In some embodiments, the modulator of the mammalian 
GPR50 is an inverse agonist or antagonist. In some embodi 
ments, the modulator of the mammalian GPR50 is an inverse 
agonist. In some embodiments, the modulator of the mam 
malian GPR50 is an antagonist. 

In some embodiments, the modulator is a Small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
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modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICso of less than about 10 LM, of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICso in said assay of less than a value selected 
from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, the modulator is orally active. 
In a fourth aspect, the invention features a method of pre 

paring a pharmaceutical composition comprising admixing a 
modulator of a mammalian GPR50 and a pharmaceutically 
acceptable carrier. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQID NO: 2. In some 
embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 
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In some embodiments, the modulator of the mammalian 
GPR50 is an agonist, partial agonist, inverse agonist, or 
antagonist of the mammalian GPR50. 

In some embodiments, the modulator of the mammalian 
GPR50 is an inverse agonist or antagonist. In some embodi 
ments, the modulator of the mammalian GPR50 is an inverse 
agonist. In some embodiments, the modulator of the mam 
malian GPR50 is an antagonist. 

In some embodiments, the modulator is a Small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICs of less than about 10 M. of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICs of less than about 10M, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICs of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs in said assay of less than a value selected 
from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 
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In some embodiments, the modulator is orally active. 
In a fifth aspect, the invention features a method of decreas 

ing body mass or of decreasing adiposity or of decreasing 
percentage body fat comprising administering to a mammal 
in need thereofatherapeutically effective amount of a modu 
lator of the mammalian GPR50 or a pharmaceutical compo 
sition comprising the modulator and a pharmaceutically 
acceptable carrier. 

In some embodiments, the method is a method of decreas 
ing body mass. 

In some embodiments, the method is a method of decreas 
ing adiposity. 

In some embodiments, the method is a method of decreas 
ing percentage body fat. 

In some embodiments, the mammal is overweight or obese. 
In some embodiments, the mammal is overweight. In some 
embodiments, the mammal is obese. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQID NO: 2. In some 
embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator is an agonist, partial 
agonist, inverse agonist, or antagonist of the mammalian 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist of the mammalian GPR50. In some embodi 
ments, the modulator is an inverse agonist. In some embodi 
ments, the modulator is an antagonist. 

In some embodiments, the modulator is a small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the mammal is a mouse, a rat, or a 
human. In some embodiments, the mammal is a human. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICso of less than about 10 LM, of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist or antagonist with an ICs of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
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is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICso in said assay of less than a value selected 
from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, said administering is oral. 
In a sixth aspect, the invention features a method of pre 

venting or treating obesity or a condition related thereto com 
prising administering to a mammal in need thereof a thera 
peutically effective amount of a modulator of the mammalian 
GPR50 or a pharmaceutical composition comprising the 
modulator and a pharmaceutically acceptable carrier. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO. 4In some embodiments, the modulator 
of the human GPR50 is a modulator of human GPR50 having 
the amino acid sequence of SEQID NO: 2. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 4. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or “stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
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metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator is an agonist, partial 
agonist, inverse agonist, or antagonist of the mammalian 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist of the mammalian GPR50. In some embodi 
ments, the modulator is an inverse agonist. In some embodi 
ments, the modulator is an antagonist. 

In some embodiments, the modulator is a small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the mammal is a mouse, a rat, or a 
human. In some embodiments, the mammal is a human. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICso of less than about 10 LM, of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICso in said assay of less than a value selected 
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from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, said administering is oral. 
In a seventh aspect, the invention features a use of a modu 

lator of a mammalian GPR50 in the manufacture of a medi 
cament for decreasing body mass or for decreasing adiposity 
or for decreasing percentage body fat in the mammal. 

In some embodiments, the medicament is for decreasing 
body mass in the mammal. 

In some embodiments, the medicament is for decreasing 
adiposity in the mammal. 

In some embodiments, the medicament is for decreasing 
percentage body fat in the mammal. 

In some embodiments, the mammal is overweight or obese. 
In some embodiments, the mammal is overweight. In some 
embodiments, the mammal is obese. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQ ID NO: 2. In some 
embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator is an agonist, partial 
agonist, inverse agonist, or antagonist of the mammalian 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist of the mammalian GPR50. In some embodi 
ments, the modulator is an inverse agonist. In some embodi 
ments, the modulator is an antagonist. 

In some embodiments, the modulator is a Small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the mammal is a mouse, a rat, a 
non-human primate, or a human. In some embodiments, the 
mammal is a human. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICs of less than about 10 M. of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 uM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
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nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICs of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICso in said assay of less than a value selected 
from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, the modulator is orally active. 
In an eighth aspect, the invention features a use of a modu 

lator of a mammalian GPR50 in the manufacture of a medi 
cament for preventing or treating obesity or a condition 
related thereto in the mammal. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or 'stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQID NO: 2. In some 
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embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator is an agonist, partial 
agonist, inverse agonist, or antagonist of the mammalian 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist of the mammalian GPR50. In some embodi 
ments, the modulator is an inverse agonist. In some embodi 
ments, the modulator is an antagonist. 

In some embodiments, the modulator is a Small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the mammal is a mouse, a rat, a 
non-human primate, or a human. In some embodiments, the 
mammal is a human. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICso of less than about 10 LM, of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist or antagonist with an ICs of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

26 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs in said assay of less than a value selected 
from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, the modulator is orally active. 
In a ninth aspect, the invention features a modulator of a 

mammalian GPR50 for use to decrease body mass in the 
mammal, for use to decrease adiposity in the mammal, for use 
to decrease percentage body fat in the mammal, or for use to 
prevent or treat obesity or a condition related thereto in the 
mammal. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or 'stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQID NO: 2. In some 
embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator is an agonist, partial 
agonist, inverse agonist, or antagonist of the mammalian 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist of the mammalian GPR50. In some embodi 
ments, the modulator is an inverse agonist. In some embodi 
ments, the modulator is an antagonist. 

In some embodiments, the modulator is a small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
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that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the mammal is a mouse, a rat, a 
non-human primate, or a human. In some embodiments, the 
mammal is a human. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICso of less than about 10 LM, of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICso of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICs of less than about 10M, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO:4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICso in said assay of less than a value selected 
from the interval of about 10 nM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, the modulator is orally active. 
In a tenth aspect, the invention features a pharmaceutical 

composition comprising a modulator of a mammalian GPR50 
and a pharmaceutically acceptable carrier for use to decrease 
body mass in the mammal, for use to decrease adiposity in the 
mammal, for use to decrease percentage body fat in the mam 
mal, or for use to preventor treat obesity or a condition related 
thereto in the mammal. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or “stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
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cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 

In some embodiments, the modulator of the mammalian 
GPR50 is a modulator of a human GPR50. In some embodi 
ments, the modulator of the human GPR50 is a modulator of 
human GPR50 having the amino acid sequence of SEQ ID 
NO: 2 or SEQID NO: 4. In some embodiments, the modula 
tor of the human GPR50 is a modulator of human GPR50 
having the amino acid sequence of SEQID NO: 2. In some 
embodiments, the modulator of the human GPR50 is a modu 
lator of human GPR50 having the amino acid sequence of 
SEQID NO: 4. 

In some embodiments, the modulator is according to the 
second aspect. 

In some embodiments, the modulator is an agonist, partial 
agonist, inverse agonist, or antagonist of the mammalian 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist of the mammalian GPR50. In some embodi 
ments, the modulator is an inverse agonist. In some embodi 
ments, the modulator is an antagonist. 

In some embodiments, the modulator is a small molecule. 
In some embodiments, the modulator is a polypeptide. In 

Some embodiments, the modulator is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
modulator is a polypeptide, provided that the polypeptide is 
not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the modulator is an antibody or an anti 
gen-binding fragment thereof. In some embodiments, the 
modulator is a lipid. In some embodiments, the modulator is 
not a polypeptide. In some embodiments, the modulator is not 
a lipid. In some embodiments, the modulator is non-endog 
enous. In some embodiments, the modulator is not endog 
enous. In some embodiments, the modulator is not material 
that a prokaryote or eukaryote naturally produces. In some 
embodiments, the modulator is not material that a prokaryote 
naturally produces. In some embodiments, the modulator is 
not material that a eukaryote naturally produces. In some 
embodiments, the modulator is not material that a mammal 
naturally produces. 

In some embodiments, the mammal is a mouse, a rat, a 
non-human primate, or a human. In some embodiments, the 
mammal is a human. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICs of less than about 10 M. of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs of less than a value selected from the interval 
of about 10 nM to 1 uM. In some embodiments, the modulator 
is an inverse agonist or antagonist with an ICs of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
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10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso in said assay of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, the modulator is an inverse agonist or antago 
nist with an ICs in said assay of less than a value selected 
from the interval of about 10 uM to 1 uM. In some embodi 
ments, the modulator is an inverse agonist or antagonist with 
an ICso in said assay of less than a value selected from the 
interval of about 10 nM to 100 nM. 

In some embodiments, the modulator is orally active. 
In an eleventh aspect, the invention features a method of 

identifying a candidate compound as a ligand of a GPCR 
comprising an amino acid sequence selected from the group 
consisting of: 

(a) the amino acid sequence of SEQID NO: 2; 
(b) amino acids 2-617 of SEQID NO: 2: 
(c)amino acids 2-617 of SEQID NO:2, wherein the GPCR 

does not comprise amino acids 1-617 of SEQID NO: 2; 
(d) the amino acid sequence of (a), (b) or (c), wherein SEQ 
ID NO: 2 comprises any combination of a substitution of 
serine at amino acid position 493 of SEQID NO: 2 with 
asparagine, a Substitution of threonine at amino acid 
position 532 of SEQ ID NO: 2 with alanine, and a 
substitution of valine atamino acid position 606 of SEQ 
ID NO: 2 with isoleucine; 

(c) the amino acid sequence of SEQID NO: 4; 
(d) amino acids 2-613 of SEQID NO: 4; 
(e)amino acids 2-613 of SEQID NO:4, wherein the GPCR 

does not comprise amino acids 1-613 of SEQID NO: 4; 
(f) the amino acid sequence of (e), (i) or (g), wherein SEQ 
ID NO: 4 comprises any combination of a substitution of 
asparagine at amino acid position 493 of SEQID NO: 4 
with serine, a Substitution of alanine at amino acid posi 
tion 528 of SEQID NO. 4 with threonine, and a substi 
tution of valine at amino acid position 602 of SEQ ID 
NO: 4 with isoleucine; 

(g) the amino acid sequence of a G protein-coupled recep 
tor encoded by a polynucleotide that is amplifiable by 
polymerase chain reaction (PCR) on a human DNA 
sample using specific primers SEQID NO: 9 and SEQ 
ID NO: 10; 

(h) the amino acid sequence of a G protein-coupled recep 
tor encoded by a polynucleotide hybridizing at high 
stringency to the complement of SEQID NO: 1 or SEQ 
ID NO:3: 

(i) the amino acid sequence of a G protein-coupled receptor 
having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 2 or SEQID NO: 4; 

(j) the amino acid sequence of SEQID NO: 6: 
(k) amino acids 2-591 of SEQID NO: 6: 
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(l)amino acids 2-591 of SEQID NO: 6 wherein the GPCR 

does not comprise amino acids 1-591 of SEQID NO: 6; 
(m) the amino acid sequence of a G protein-coupled recep 

tor encoded by a polynucleotide hybridizing at high 
stringency to the complement of SEQID NO: 5; 

(n) the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 6: 

(o) the amino acid sequence of SEQID NO:8: 
(p) amino acids 2-594 of SEQID NO:8: 
(q)amino acids 2-594 of SEQID NO:8, wherein the GPCR 

does not comprise amino acids 1-594 of SEQID NO:8: 
(r) the amino acid sequence of a G protein-coupled recep 

tor encoded by a polynucleotide hybridizing at high 
stringency to the complement of SEQID NO: 7: 

(s) the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 8; and 

(t) the amino acid sequence of a G protein-coupled receptor 
that is a constitutively active version of a receptor having 
SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof; 
comprising the steps of 

(a) contacting said GPCR with an optionally labeled 
known ligand to the GPCR in the presence or absence of 
the candidate compound; 

(b') detecting the complex between the known ligand and 
said GPCR; and 

(c) determining whether less of said complex is formed in 
the presence of the candidate compound than in the 
absence of the candidate compound; 

wherein said determination is indicative of the candidate 
compound being a ligand of said receptor. 

In some embodiments, the GPCR comprises the amino 
acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, the G protein-coupled receptor hav 
ing at least about 75%, at least about 80%, at least about 85%, 
at least about 90% or at least about 95% identity to SEQID 
NO: 2, SEQID NO:4, SEQID NO: 6 or SEQID NO: 8 is an 
endogenous GPCR. In some embodiments, the G protein 
coupled receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least about 
95% identity to SEQID NO: 2, SEQID NO: 4, SEQID NO: 
6 or SEQID NO: 8 is a mammalian endogenous GPCR. In 
Some embodiments, the G protein-coupled receptor having at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8 is a 
non-endogenous GPCR. 

In some embodiments, the G protein-coupled receptor that 
is a constitutively active version of a receptor having SEQID 
NO: 2 or SEQID NO. 4 is an endogenous G protein-coupled 
receptor. In some embodiments, the G protein-coupled recep 
tor that is a constitutively active version of a receptor having 
SEQ ID NO: 2 or SEQ ID NO: 4 is a non-endogenous G 
protein-coupled receptor. 

In some embodiments, PCR is RT-PCR. 
In some embodiments, the human DNA is human cDNA 

derived from a tissue or cell type that expresses GPR50. In 
some embodiments, the human EDNA is derived from hypo 
thalamus or pituitary. 
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In some embodiments, the G protein-coupled receptor 
encoded by a polynucleotide that is amplifiable by poly 
merase chain reaction (PCR) on a human DNA sample using 
specific primers SEQ ID NO: 9 and SEQ ID NO: 10 is an 
endogenous GPR50G protein-coupled receptor. 

In some embodiments, the GPCR is recombinant. 
In some embodiments, the GPCR is endogenous. In some 

embodiments, the GPCR that is endogenous is a mammalian 
endogenous GPCR. In some embodiments, the mammalian 
endogenous GPCR is a mammalian endogenous GPR50. In 
Some embodiments, the GPCR is non-endogenous. 

In some embodiments, the GPCR is a mammalian GPR50. 
In some embodiments, the G protein-coupled receptor 

encoded by a polynucleotide hybridizing at high Stringency to 
the complement of SEQID NO: 1, SEQID NO:3, SEQ ID 
NO: 5 or SEQ ID NO: 7 is an endogenous GPCR. In some 
embodiments, the G protein-coupled receptor encoded by a 
polynucleotide hybridizing at high Stringency to the comple 
ment of SEQID NO: 1, SEQID NO:3, SEQID NO:5 or SEQ 
ID NO: 7 that is an endogenous GPCR is a mammalian 
GPCR. In some embodiments, the G protein-coupled recep 
tor encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 1, SEQID NO: 3, 
SEQID NO: 5 or SEQID NO: 7 exhibits a detectable level of 
constitutive activity. In some embodiments, the constitutive 
activity is for lowering a level of intracellular cAMP. In some 
embodiments, the constitutive activity is for causing melano 
phore cells to undergo pigment aggregation. In certain 
embodiments, the G protein-coupled receptor encoded by a 
polynucleotide hybridizing at high Stringency to the comple 
ment of SEQID NO: 1, SEQID NO:3, SEQID NO:5 or SEQ 
ID NO: 7 specifically binds an antibody that recognizes an 
mammalian endogenous GPR50 (an antibody that recognizes 
an endogenous mammalian GPR50 can be obtained commer 
cially from, e.g., Advanced Targeting Systems, San Diego, 
Calif.; and CHEMICON International, Inc., Temecula, 
Calif.) or specifically binds a known ligand of an mammalian 
endogenous GPR50. In certain embodiments, the known 
ligand of the mammalian endogenous GPR50 is an endog 
enous ligand of the mammalian endogenous GPR50. 

In some embodiments, the known ligand to the GPCR is a 
known ligand to a mammalian GPR50. In some embodi 
ments, the known ligand to the GPCR is a known ligand to a 
human GPR50. 

In some embodiments, the known ligand to the GPCR is a 
known ligand to SEQID NO: 2. In some embodiments, the 
known ligand to the GPCR is a known ligand to SEQID NO: 
4. In some embodiments, the known ligand to the GPCR is a 
known ligand to SEQID NO: 6. In some embodiments, the 
known ligand to the GPCR is a known ligand to SEQID NO: 
8. 

In some embodiments, the known ligand is not an antibody 
or an antigen-binding fragment thereof. 

In some embodiments, the known ligand is radiolabeled. 
In some embodiments, the candidate compound is a small 

molecule. 
In some embodiments, the candidate compound is a 

polypeptide. In some embodiments, the candidate compound 
is not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the candidate compound is a polypep 
tide, provided that the polypeptide is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
candidate compound is an antibody or an antigen-binding 
fragment thereof. In some embodiments, the candidate com 
pound is a lipid. In some embodiments, the candidate com 
pound is not a polypeptide. In some embodiments, the can 
didate compound is not a lipid. In some embodiments, the 
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candidate compound is non-endogenous. In some embodi 
ments, the candidate compound is not endogenous. In some 
embodiments, the candidate compound is not material that a 
prokaryote or eukaryote naturally produces. In some embodi 
ments, the candidate compound is not material that a prokary 
ote naturally produces. In some embodiments, the candidate 
compound is not material that a eukaryote naturally produces. 
In some embodiments, the candidate compound is not mate 
rial that a mammal naturally produces. In some embodiments, 
the candidate compound is a compound not known to be a 
ligand of the GPCR. 

In some embodiments, the method is for Screening candi 
date compounds as modulators of body mass or of adiposity 
or of percentage body fat in a Subject or as pharmaceutical 
agents for obesity or a condition related thereto. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, congestive cardi 
omyopathy, varicosities, pulmonary embolism, coronary 
heart disease, stroke, idiopathic intracranial hypertension, 
meralgia parethetica, dyspnea, obstructive sleep apnea, 
hypoVentilation syndrome, Pickwickian syndrome, asthma, 
immobility, degenerative osteoarthritis, low back pain, striae 
distensae or “stretch marks venous stasis of the lower 
extremities, lymphedema, cellulitis, intertrigo, carbuncles, 
acanthosis nigricans, skin tags, gastro-esophageal reflux dis 
order, nonalcoholic fatty liver/steatohepatitis, cholelithiasis, 
hernias, colon cancer, stress incontinence, obesity-related 
glomerulopathy, breast and uterine cancer, depression and 
low self-esteem, impaired quality of life, metabolic Syn 
drome, insulin resistance, Type 2 diabetes, dyslipidemia, ath 
erosclerosis, hyperandrogenenia in women, polycystic ova 
rian syndrome, dysmenorrhea, infertility, pregnancy 
complications, and male hypogonadism. In some embodi 
ments, the condition related to obesity is selected from the 
group consisting of hypertension, insulin resistance, meta 
bolic syndrome, Type 2 diabetes, dyslipidemia, atherosclero 
sis, coronary heart disease, and stroke. In some embodiments, 
the Subject is a mammal. In some embodiments, the Subject is 
a mammal selected from the group consisting of mouse, rat 
and human. In some embodiments, the Subject is a human. 

In some embodiments, the method is for Screening candi 
date compounds as compounds useful in radio-imaging for 
identifying a Subject at risk for obesity or a condition related 
thereto. In some embodiments, the Subject is a human. 

In a twelfth aspect, the invention features a transgenic 
non-human mammal comprising a disruption in an endog 
enous GPR50 gene, wherein the disruption is homozygous, 
the transgenic non-human mammal lacks production of func 
tional GPR50 protein and exhibits, relative to the wild-type 
mammal, a decreased weight gain induced by a high fat diet. 

In some embodiments, the transgenic non-human mammal 
is amouse, arator a pig. In some embodiments, the transgenic 
non-human mammal is a mouse. 

In an thirteenth aspect, the invention features a method of 
identifying a candidate compound as a modulator of body 
mass or of adiposity or of percentage body fatina Subject, the 
method comprising: 
providing a transgenic non-human mammal according to the 

twelfth aspect; 
administering the candidate compound to the transgenic non 
human mammal; and 

determining whether the decreased weight gain induced by a 
high-fat diet is modulated by the candidate compound, 
thereby identifying the candidate compound as a modula 
tor of body mass or of adiposity or of percentage body fat 
in the subject. 
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In some embodiments, the modulator of body mass or of 
adiposity or of percentage body fat in a subject is a modulator 
of body mass in the subject. 

In some embodiments, the modulator of body mass or of 
adiposity or of percentage body fat in a subject is a modulator 
of adiposity in the Subject. 

In some embodiments, the modulator of body mass or of 
adiposity or of percentage body fat in a subject is a modulator 
of percentage body fat in the Subject. 

In some embodiments, the transgenic non-human mammal 
is amouse, arator a pig. In some embodiments, the transgenic 
non-human mammal is a mouse. 

In some embodiments, the candidate compound is a small 
molecule. 

In some embodiments, the candidate compound is a 
polypeptide. In some embodiments, the candidate compound 
is not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the candidate compound is a polypep 
tide, provided that the polypeptide is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
candidate compound is an antibody or an antigen-binding 
fragment thereof. In some embodiments, the candidate com 
pound is a lipid. In some embodiments, the candidate com 
pound is not a polypeptide. In some embodiments, the can 
didate compound is not a lipid. In some embodiments, the 
candidate compound is non-endogenous. In some embodi 
ments, the candidate compound is not endogenous. In some 
embodiments, the candidate compound is not material that a 
prokaryote or eukaryote naturally produces. In some embodi 
ments, the candidate compound is not material that a prokary 
ote naturally produces. In some embodiments, the candidate 
compound is not material that a eukaryote naturally produces. 
In some embodiments, the candidate compound is not mate 
rial that a mammal naturally produces. 

In some embodiments, the Subject is a mammal. In some 
embodiments, the Subject that is a mammal is selected from 
the group consisting of mouse, rat and human. In some 
embodiments, the Subject that is a mammal is a human. 

In a fourteenth aspect, the invention features use of a GPCR 
to screen candidate compounds as modulators of body mass 
or of adiposity or of percentage body fat in a mammal or as 
pharmaceutical agents for obesity or a condition related 
thereto, wherein the GPCR comprises an amino acid 
sequence selected from the group consisting of 

(a) the amino acid sequence of SEQID NO: 2; 
(b) amino acids 2-617 of SEQID NO: 2: 
(c)amino acids 2-617 of SEQID NO:2, wherein the GPCR 

does not comprise amino acids 1-617 of SEQID NO: 2; 
(d) the amino acid sequence of (a), (b) or (c), wherein SEQ 
ID NO: 2 comprises any combination of a substitution of 
serine at amino acid position 493 of SEQID NO: 2 with 
asparagine, a Substitution of threonine at amino acid 
position 532 of SEQ ID NO: 2 with alanine, and a 
substitution of valine atamino acid position 606 of SEQ 
ID NO: 2 with isoleucine; 

(e) the amino acid sequence of SEQID NO: 4; 
(f) amino acids 2-613 of SEQID NO: 4; 
(g) amino acids 2-613 of SEQ ID NO: 4, wherein the 
GPCR does not comprise amino acids 1-613 of SEQID 
NO: 4; 

(h) the amino acid sequence of (e), (f) or (g), wherein SEQ 
ID NO: 4 comprises any combination of a substitution of 
asparagine at amino acid position 493 of SEQID NO: 4 
with serine, a Substitution of alanine at amino acid posi 
tion 528 of SEQID NO. 4 with threonine, and a substi 
tution of valine at amino acid position 602 of SEQ ID 
NO: 4 with isoleucine; 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

34 
(i) the amino acid sequence of a G protein-coupled receptor 

encoded by a polynucleotide that is amplifiable by poly 
merase chain reaction (PCR) on a human DNA sample 
using specific primers SEQID NO:9 and SEQID NO: 
10: 

(j) the amino acid sequence of a G protein-coupled receptor 
encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 1 or SEQID 
NO:3: 

(k) the amino acid sequence of an endogenous G protein 
coupled receptor having at least about 95% identity to 
SEQID NO: 2 or SEQID NO: 4; 

(1) the amino acid sequence of SEQID NO: 6; 
(m) amino acids 2-591 of SEQID NO: 6; 
(n)amino acids 2-591 of SEQID NO: 6 wherein the GPCR 

does not comprise amino acids 1-591 of SEQID NO: 6; 
(o) the amino acid sequence of a G protein-coupled recep 

tor encoded by a polynucleotide hybridizing at high 
stringency to the complement of SEQID NO: 5; 

(p) the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 6: 

(q) the amino acid sequence of SEQID NO:8: 
(r) amino acids 2-594 of SEQID NO:8: 
(s)amino acids 2-594 of SEQID NO:8, wherein the GPCR 

does not comprise amino acids 1-594 of SEQID NO:8: 
(t) the amino acid sequence of a G protein-coupled receptor 

encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 7; 

(u) the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 8; and 

(v) the amino acid sequence of a G protein-coupled recep 
tor that is a constitutively active version of a receptor 
having SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof. 
In some embodiments, the GPCR comprises the amino 

acid sequence of SEQID NO: 2 or SEQID NO: 4. 
In some embodiments, the GPCR comprises the amino 

acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, the G protein-coupled receptor hav 
ing at least about 75%, at least about 80%, at least about 85%, 
at least about 90% or at least about 95% identity to SEQID 
NO: 2, SEQID NO:4, SEQID NO: 6 or SEQID NO: 8 is an 
endogenous GPCR. In some embodiments, the G protein 
coupled receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least about 
95% identity to SEQID NO: 2, SEQID NO: 4, SEQID NO: 
6 or SEQID NO: 8 is a mammalian endogenous GPCR. In 
Some embodiments, the G protein-coupled receptor having at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8 is a 
non-endogenous GPCR. 

In some embodiments, the G protein-coupled receptor that 
is a constitutively active version of a receptor having SEQID 
NO: 2 or SEQID NO. 4 is an endogenous G protein-coupled 
receptor. In some embodiments, the G protein-coupled recep 
tor that is a constitutively active version of a receptor having 
SEQ ID NO: 2 or SEQ ID NO: 4 is a non-endogenous G 
protein-coupled receptor. 
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In some embodiments, the modulator of body mass in a 
mammal is a compound that decreases body mass in a mam 
mal. In some embodiments, the modulator of adiposity in a 
mammal is a compound that decreases adiposity in a mam 
mal. In some embodiments, the modulator of percentage 
body fat in a mammal is a compound that decreases percent 
age body fat in a mammal. In some embodiments, the mam 
mal is a human. 

In some embodiments, the modulator of body mass in a 
mammal is a compound that increases body mass in a mam 
mal. In some embodiments, the modulator of adiposity in a 
mammal is a compound that increases adiposity in a mammal. 
In some embodiments, the modulator of percentage body fat 
in a mammal is a compound that increases percentage body 
fat in a mammal. In some embodiments, the mammal is a 
human. In some embodiments, the compound that increases 
body mass or increases adiposity or increases percentage 
body fat in a mammal is a compound for preventing or treat 
ing cachexia, wasting, AIDS-related weight loss, cancer-re 
lated weight loss, anorexia, or bulimia in the mammal. In 
Some embodiments, the compound that increases body mass 
or increases adiposity or increases percentage body fat in a 
mammal is a compound for use to prevent or treat cachexia, 
wasting, AIDS-related weight loss, cancer-related weight 
loss, anorexia, or bulimia in the mammal. 

In some embodiments, PCR is RT-PCR. 
In some embodiments, the human DNA is human cDNA 

derived from a tissue or cell type that expresses GPR50. In 
some embodiments, the human cloNA is derived from hypo 
thalamus or pituitary. 

In some embodiments, the G protein-coupled receptor 
encoded by a polynucleotide that is amplifiable by poly 
merase chain reaction (PCR) on a human DNA sample using 
specific primers SEQ ID NO: 9 and SEQ ID NO: 10 is an 
endogenous GPR50G protein-coupled receptor. 

In some embodiments, the G protein-coupled receptor 
encoded by a polynucleotide hybridizing at high Stringency to 
the complement of SEQID NO: 1, SEQID NO:3, SEQ ID 
NO: 5 or SEQ ID NO: 7 is an endogenous GPCR. In some 
embodiments, the G protein-coupled receptor encoded by a 
polynucleotide hybridizing at high Stringency to the comple 
ment of SEQID NO: 1, SEQID NO:3, SEQID NO:5 or SEQ 
ID NO: 7 that is an endogenous GPCR is a mammalian 
GPCR. In some embodiments, the G protein-coupled recep 
tor encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 1, SEQID NO: 3, 
SEQID NO: 5 or SEQID NO: 7 exhibits a detectable level of 
constitutive activity. In some embodiments, the constitutive 
activity is for lowering a level of intracellular cAMP. In some 
embodiments, the constitutive activity is for causing melano 
phore cells to undergo pigment aggregation. In certain 
embodiments, the G protein-coupled receptor encoded by a 
polynucleotide hybridizing at high Stringency to the comple 
ment of SEQID NO: 1, SEQID NO:3, SEQID NO:5 or SEQ 
ID NO: 7 specifically binds an antibody that recognizes an 
mammalian endogenous GPR50 (an antibody that recognizes 
an endogenous mammalian GPR50 can be obtained commer 
cially from, e.g., Advanced Targeting Systems, San Diego, 
Calif.; and CHEMICON International, Inc., Temecula, 
Calif.) or specifically binds a known ligand of an mammalian 
endogenous GPR50. In certain embodiments, the known 
ligand of the mammalian endogenous GPR50 is an endog 
enous ligand of the mammalian endogenous GPR50. 

In some embodiments, the GPCR is recombinant. 
In some embodiments, the GPCR is endogenous. In some 

embodiments, the GPCR that is endogenous is a mammalian 
endogenous GPCR. In some embodiments, the mammalian 
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endogenous GPCR is a mammalian endogenous GPR50. In 
Some embodiments, the GPCR is non-endogenous. 

In some embodiments, the GPCR is a mammalian GPR50. 
In some embodiments, the candidate compound is a small 

molecule. 
In some embodiments, the candidate compound is a 

polypeptide. In some embodiments, the candidate compound 
is not an antibody or an antigen-binding fragment thereof. In 
Some embodiments, the candidate compound is a polypep 
tide, provided that the polypeptide is not an antibody or an 
antigen-binding fragment thereof. In some embodiments, the 
candidate compound is an antibody or an antigen-binding 
fragment thereof. In some embodiments, the candidate com 
pound is a lipid. In some embodiments, the candidate com 
pound is not a polypeptide. In some embodiments, the can 
didate compound is not a lipid. In some embodiments, the 
candidate compound is non-endogenous. In some embodi 
ments, the candidate compound is not endogenous. In some 
embodiments, the candidate compound is not material that a 
prokaryote or eukaryote naturally produces. In some embodi 
ments, the candidate compound is not material that a prokary 
ote naturally produces. In some embodiments, the candidate 
compound is not material that a eukaryote naturally produces. 
In some embodiments, the candidate compound is not mate 
rial that a mammal naturally produces. In some embodiments, 
the candidate compound is a compound not known to be a 
ligand of the GPCR. In some embodiments, the candidate 
compound is a compound not known to inhibit or stimulate 
functionality of the GPCR. In some embodiments, the candi 
date compound is a compound not known to be an agonist of 
the GPCR. In some embodiments, the candidate compound is 
a compound not known to be a partial agonist of the GPCR. In 
Some embodiments, the candidate compound is a compound 
not known to be an inverse agonist of the GPCR. In some 
embodiments, the candidate compound is a compound not 
known to be an antagonist of the GPCR. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or 'stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 

In some embodiments, the screen is for an agonist of the 
GPCR. In some embodiments, the screen is for a partial 
agonist of the GPCR. In some embodiments, the screen is for 
an inverse agonist of the GPCR. In some embodiments, the 
screen is for an antagonist of the GPCR. 

In some embodiments, the mammal is selected from the 
group consisting of mouse, rat, non-human primate, and 
human. In some embodiments, the mammal is a human. 
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Applicant reserves the right to exclude any one or more 
candidate compounds from any of the embodiments of the 
invention. Applicant reserves the right to exclude any one or 
more modulators from any of the embodiments of the inven 
tion. By way of example and not limitation, Applicant 5 
reserves the right to exclude any one or more inverse agonists 
or antagonists from any of the embodiments of the invention. 
Applicant reserves the right to exclude any polynucleotide or 
polypeptide from any of the embodiments of the invention. 
Applicant additionally reserves the right to exclude any con 
dition related to obesity from any of the embodiments of the 
invention. It is also expressly contemplated that conditions 
related to obesity of the invention can be included in an 
embodiment eitherindividually or in any combination. Appli 
cant additionally reserves the right to exclude any disorder 
ameliorated by increasing body mass from any of the embodi 
ments of the invention. It is also expressly contemplated that 
disorders ameliorated by increasing body mass of the inven 
tion can be included in an embodiment either individually or 20 
in any combination. 

Without further elaboration, it is believed that one skilled 
in the art can, using the preceding description, practice the 
present invention to its fullest extent. The foregoing detailed 
description is given for clearness of understanding only, and 25 
no unnecessary limitation should be understood therefrom, as 
modifications within the scope of the invention may become 
apparent to those skilled in the art. 

Throughout this application, various publications, patents 
and published patent applications are cited. The disclosures 30 
of these publications, patents and published patent applica 
tions referenced in this application are herein incorporated by 
reference in their entirety into the present disclosure. Citation 
herein by Applicant of a publication, patent, or published 
patent application is not an admission by Applicant of said 35 
publication, patent, or published patent application as prior 
art. 

This application claims the benefit of priority from the 
following provisional patent application, filed via U.S. 
Express mail with the United States Patent and Trademark 40 
Office on the indicated date: U.S. Provisional Patent Appli 
cation No. 60/735,346, filed Nov. 10, 2005. The disclosure of 
the foregoing provisional patent application is herein incor 
porated by reference in its entirety. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. By way of illustration and not limitation, FIG. 1 
depicts results from a primary screen of candidate com 
pounds against a “target receptor which is a GSC. Fusion 50 
Protein construct of an endogenous, constitutively active GS 
coupled GPCR unrelated to GPR50. Results for “Compound 
A” are provided in well A2. Results for “Compound “B” are 
provided in well G9. (See, Example 6.) 

FIG.2. GPR50 exhibits detectable constitutive activity for 55 
lowering a level of intracellular cAMP (See, Example 11.) 

FIGS. 3A and 3B. Establishment of GPR50-knockout 
("deficient’) mice. A. Gene-targeting strategy for generating 
GPR50-knockout mice. B. Genotyping of GPR50-knockout 
mice (top panel) and wild-type mice (lower panel) by 60 
genomic PCR. (See, Example 12.) 

FIGS. 4A and 4.B. Body weight of GPR50-knockout mice 
on high fat diet or chow compared to wild-type mice on high 
fat diet. (See, Example 13.) 
FIGS.5A and 5B. Comparison of body weight of GPR50- 65 

knockout mice and wild-type mice on high fat diet. (See, 
Example 13.) 

38 
FIGS. 6A and 6B. Analysis of co-expression of GPR50 by 

NPY neurons in the central part of the dorsomedial nucleus of 
the hypothalamus (DMHc) in rat. A. Representative photo 
micrographic image illustrating the expression of GPR50 and 
NPY in rat DMHc. B. Percentage of NPY neurons in rat 
DMHc co-expressing GPR50. (See, Example 17.) 

FIGS. 7A-7C. Effect of food restriction on GPR50 expres 
sion in the central part of the dorsomedial nucleus of the 
hypothalamus (DMHc) in Sprague Dawley rats. A. Upper 
panel. Food intake in ad libitum fed and in food-restricted 
rats. Lower panel. Percentage original body weight in ad 
libitum fed and in food-restricted rats. B. Representative pho 
tomicrographic images illustrating expression of GPR50 in 
DMHc in ad libitum fed and in food-restricted rats. C. Rela 
tive levels of NPY mRNA (upper panel) and GPR50 mRNA 
(lower panel) in ad libitum fed and in food-restricted rats. 
(See, Example 20.) 

DETAILED DESCRIPTION 

Definitions 

ADIPOSITY as used herein shall refer to body fat. 
AGONIST shall mean an agent (e.g., ligand, candidate 

compound) that by virtue of binding to a GPCR activates the 
GPCR so as to elicitan intracellular response mediated by the 
GPCR. 
AMINO ACIDABBREVIATIONS used herein are set out 

in Table B: 

TABLE B 

ALANINE ALA A. 
ARGININE ARG R 
ASPARAGINE ASN N 
ASPARTIC ACID ASP D 
CYSTEINE CYS C 
GLUTAMIC ACID GLU E 
GLUTAMINE GLN Q 
GLYCINE GLY G 
HISTIDINE HIS H 
ISOLEUCINE ILE I 
LEUCINE LE L 
LYSINE LYS K 
METHIONNE MET M 
PHENYLALANINE PHE F 
PROLINE PRO P 
SERINE SE S 
THREONINE THR T 
TRYPTOPHAN TRP W 
TYROSINE TYR Y 
VALINE VAL V 

ANTAGONIST shall mean an agent (e.g., ligand, candi 
date compound) that binds, and preferably binds competi 
tively, to a GPCR at about the same site as an agonist or partial 
agonist but which does not activate an intracellular response 
initiated by the active form of the GPCR, and can thereby 
inhibit the intracellular response by agonist or partial agonist. 
An antagonist typically does not diminish the baseline intra 
cellular response in the absence of an agonist or partial ago 
nist. 
ANTIBODY is intended herein to encompass monoclonal 

antibody and polyclonal antibody. Antibodies of the present 
invention may be prepared by any suitable method known in 
the art. 
BIOLOGICALLY ACTIVE FRAGMENT Of a GPCR 

polypeptide or amino acid sequence shall mean a fragment of 
the polypeptide oramino acid sequence having structural and 
biochemical functions of a naturally occurring GPCR. In 
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certain embodiments, the biologically active fragment 
couples to a G protein. In certain embodiments, the biologi 
cally active fragment binds to a ligand. 
CANDIDATE COMPOUND shall mean a molecule (for 

example, and not limitation, a chemical compound) that is 
amenable to a screening technique and is used interchange 
ably herein with TEST COMPOUND. 
CODON shall mean a grouping of three nucleotides (or 

equivalents to nucleotides) which generally comprise a 
nucleoside adenosine (A), guanosine (G), cytidine (C), uri 
dine (U) and thyridine (T) coupled to a phosphate group and 
which, when translated, encodes an amino acid. 
COMPOSITION means a material comprising at least one 

component. 
COMPOUND EFFICACY or EFFICACY shall mean the 

ability of a compound to inhibit or stimulate one or more 
GPCR functions, e.g. by measurement of cAMP level in the 
presence or absence of a candidate compound. Exemplary 
means of measuring compound efficacy are disclosed in the 
Examples section of this patent document. 
CONDITION RELATED TO OBESITY is intended to 

include but not be limited to hypertension, congestive cardi 
omyopathy, varicosities, pulmonary embolism, coronary 
heart disease, stroke, idiopathic intracranial hypertension, 
meralgia parethetica, dyspnea, obstructive sleep apnea, 
hypoVentilation syndrome, Pickwickian syndrome, asthma, 
immobility, degenerative osteoarthritis, low back pain, striae 
distensae or “stretch marks, venous stasis of the lower 
extremities, lymphedema, cellulitis, intertrigo, carbuncles, 
acanthosis nigricans, skin tags, gastro-esophageal reflux dis 
order, nonalcoholic fatty liver/steatohepatitis, cholelithiasis, 
hernias, colon cancer, stress incontinence, obesity-related 
glomerulopathy, breast and uterine cancer, depression and 
low self-esteem, impaired quality of life, metabolic Syn 
drome, insulin resistance, Type 2 diabetes, dyslipidemia, ath 
erosclerosis, hyperandrogenemia in women, polycystic ova 
rian syndrome, dysmenorrhea, infertility, pregnancy 
complications, and male hypogonadism. In some embodi 
ments, the condition related to obesity is selected from the 
group consisting of hypertension, insulin resistance, meta 
bolic syndrome, Type 2 diabetes, dyslipidemia, atherosclero 
sis, coronary heart disease, and stroke. 
CONSTITUTIVELY ACTIVE RECEPTORSha11 mean a 

receptor stabilized in an active state by means other than 
through binding of the receptor to its ligand or a chemical 
equivalent thereof. A constitutively active receptor may be 
endogenous or non-endogenous. 
CONSTITUTIVELY ACTIVATED RECEPTOR Sha11 

mean an endogenous receptor that has been modified so as to 
be constitutively active or to be more constitutively active. 
CONSTITUTIVE RECEPTORACTIVATION Sha11 mean 

activation of a receptor in the absence of binding to its ligand 
or a chemical equivalent thereof. 
CONTACT or CONTACTING shall mean bringing at least 

two moieties together, whether in an in vitro system or an in 
Vivo system. 
DIRECTLY IDENTIFYING or DIRECTLY IDENTI 

FIED, in relationship to the phrase “candidate compound” or 
“test compound', shall mean the screening of a compound 
against a G protein-coupled receptor in the absence of a 
known ligand (e.g., a known agonist) to the G protein-coupled 
receptor. 
DYSLIPIDEMIA as used herein refers to abnormal con 

centrations of serum lipids such as HDL (low), LDL (high), 
VLDL (high), triglycerides (high), lipoprotein (a) (high), free 
fatty acids (high) and other serum lipids, or combinations 
thereof. 
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ENDOGENOUS shall mean a material that a mammal 

naturally produces. Endogenous in reference to, for example 
and not limitation, the term “receptor,” shall mean that which 
is naturally produced by a mammal (for example, and not 
limitation, a human). Endogenous shall be understood to 
encompass allelic variants of a gene as well as the allelic 
polypeptide variants so encoded. As used herein, "endog 
enous GPCR and “native GPCR are used interchangeably. 
By contrast, the term NON-ENDOGENOUS in this context 
shall mean that which is not naturally produced by a mammal 
(for example, and not limitation, a human). 
EXPRESSION VECTOR shall mean a DNA sequence that 

is required for the transcription of cloned DNA and transla 
tion of the transcribed mRNA in an appropriate host cell 
recombinant for the expression vector. An appropriately con 
structed expression vector should contain an origin of repli 
cation for autonomous replication in host cells, selectable 
markers, a limited number of useful restriction enzyme sites, 
a potential for high copy number, and active promoters. The 
cloned DNA to be transcribed is operably linked to a consti 
tutively or conditionally active promoter within the expres 
sion vector. 
G PROTEIN-COUPLED RECEPTOR FUSION PRO 

TEIN and GPCR FUSION PROTEIN, in the context of the 
invention disclosed herein, each meana non-endogenous pro 
tein comprising an endogenous, constitutively active GPCR 
or a non-endogenous, constitutively activated GPCR fused to 
at least one G protein, most preferably the alpha (C.) subunit of 
such G protein (this being the subunit that binds GTP), with 
the G protein preferably being of the same type as the G 
protein that naturally couples with endogenous GPCR. In the 
preferred form, the G protein can be fused directly to the 
C-terminus of the GPCR orthere may be spacers between the 
tWO. 

HOST CELL shall mean a cell capable of having a vector 
incorporated therein. In the present context, the vector will 
typically contain nucleic acid encoding a GPCR or GPCR 
fusion protein in operable connection with a suitable pro 
moter sequence to permit expression of the GPCR or GPCR 
fusion protein to occur. 
IN NEED OF PREVENTION OR TREATMENT as used 

herein refers to a judgement made by a caregiver (e.g. physi 
cian, nurse, nurse practitioner, etc. in the case of humans; 
Veterinarian in the case of animals, including non-human 
mammals) that a Subject or animal requires or will benefit 
from treatment. This judgement is made based on a variety of 
factors that are in the realm of a caregiver's expertise, but that 
include the knowledge that the subject or animal is ill, or will 
be ill, as the result of a condition that is treatable by the 
compounds of the invention. 
INHIBIT or INHIBITING, in relationship to the term 

“response' shall mean that a response is decreased or pre 
vented in the presence of a compound as opposed to in the 
absence of the compound. 
INVERSE AGONIST shall mean an agent (e.g., ligand, 

candidate compound) which binds to a GPCR and which 
inhibits the baseline intracellular response initiated by the 
active form of the receptor below the normal base level activ 
ity which is observed in the absence of an agonist or partial 
agonist. 
LIG AND as used herein shall mean a molecule that spe 

cifically binds to a GPCR. An endogenous ligand is an endog 
enous molecule that binds to a native GPCR. A ligand of a 
GPCR may be, but is not limited to, an agonist, a partial 
agonist, an inverse agonist or an antagonist of the GPCR. 
METABOLIC SYNDROME as defined herein, and 

according to the Adult Treatment Panel III (ATP III; National 
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Institutes of Health: Third Report of the National Cholesterol 
Education Program Expert Panel on Detection, Evaluation, 
and Treatment of High Blood Cholesterol in Adults (Adult 
Treatment Panel III), Executive Summary: Bethesda, Md., 
National Institutes of Health, National Heart, Lung and Blood 
Institute, 2001 (NIH pub. No 01-3670), occurs when a person 
meets three or more of five criteria related to obesity, hyper 
triglyceridemia, low HDL cholesterol, high blood pressure, 
and high fasting glucose. 
As used herein, the terms MODULATE or MODIFY are 

meant to refer to an increase or decrease in the amount, 
quality, or effect of a particular activity, function or molecule. 
MODULATOR shall be understood to encompass agonist, 

partial agonist, inverse agonistandantagonist as hereinbefore 
defined. 
OBESITY, as used herein, is defined as a body-mass index 

(BMI) of 30.0 or greater, in accordance with the WHO clas 
sifications of weight Kopelman, Nature (2000) 404:635-643; 
the disclosure of which is herein incorporated by reference in 
its entirety. In certain embodiments, obesity is defined on the 
basis of body fat content: greater than 25% in males and 
greater than 30% in females. 
OVERWEIGHT, as used herein, is defined as a body mass 

index (BMI) of 27-29.9. 
PARTIAL AGONIST shall mean an agent (e.g., ligand, 

candidate compound) that by virtue of binding to a GPCR 
activates the GPCR so as to elicit an intracellular response 
mediated by the GPCR, albeit to a lesser extent or degree than 
does a full agonist. 
PHARMACEUTICAL COMPOSITION Shall mean a 

composition comprising at least one active ingredient, 
whereby the composition is amenable to investigation for a 
specified, efficacious outcome in a mammal (for example, 
and not limited to a human). Those of ordinary skill in the art 
will understand and appreciate the techniques appropriate for 
determining whether an active ingredient has a desired effi 
cacious outcome e.g., based upon the needs of the artisan. 
POLYNUCLEOTIDE shall refer to RNA, DNA, or RNA/ 

DNA hybrid sequence of more than one nucleotide in either 
single chain or duplex form. The polynucleotides of the 
invention may be prepared by any known method, including 
synthetic, recombinant, ex vivo generation, or a combination 
thereof, as well as utilizing any purification methods known 
in the art. 
POLYPEPTIDE shall refer to a polymer of amino acids 

without regard to the length of the polymer. Thus, PEP 
TIDES, oligopeptides, and proteins are included within the 
definition of polypeptide. This term also does not specify or 
exclude post-expression modifications of polypeptides. For 
example, polypeptides that include the covalent attachment 
of glycosyl groups, acetyl groups, phosphate groups, lipid 
groups and the like are expressly encompassed by the term 
polypeptide. 
PRIMER is used herein to denote a specific oligonucleotide 
sequence which is complementary to a target nucleotide 
sequence and used to hybridize to the target nucleotide 
sequence. A primer serves as an initiation point for nucleotide 
polymerization catalyzed by DNA polymerase, RNA poly 
merase, or reverse transcriptase. 
RECEPTORFUNCTIONALITY shall refer to the normal 

operation of a receptor to receive a stimulus and moderate an 
effect in the cell, including, but not limited to regulating gene 
transcription, regulating the influx or efflux of ions, effecting 
a catalytic reaction, and/or modulating activity through 
G-proteins, such as eliciting a second messenger response. 
SECOND MESSENGER shall mean an intracellular 

response produced as a result of receptor activation. A second 
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messenger can include, for example, inositol 1,4,5-triphos 
phate (IP), diacylglycerol (DAG), cyclic AMP (cAMP), 
cyclic GMP (cGMP), MAP kinase activity, MAPK/ERK 
kinase kinase-1 (MEKK1) activity, and Ca". Second mes 
senger response can be measured for a determination of 
receptor activation. In addition, second messenger response 
can be measured for the identification of candidate com 
pounds as, for example, inverse agonists, partial agonists, 
agonists, and antagonists of the receptor. 
SELECTIVE GPR50 MODULATOR, as used herein, 

refers to a modulator of GPR50 having selectivity for GPR50 
receptor over one or more closely related receptors, such as 
melatonin receptor 1A (MTNR1A) or melatonin receptor 1B 
(MTNR1B). 
SMALL MOLECULE shall be taken to mean a compound 

having a molecular weight of less than about 10,000 grams 
per mole, including a peptide, peptidomimetic, amino acid, 
amino acid analogue, polynucleotide, polynucleotide ana 
logue, nucleotide, nucleotide analogue, organic compound or 
inorganic compound (i.e. including a heterorganic compound 
or organometallic compound), and salts, esters and other 
pharmaceutically acceptable forms thereof In certain pre 
ferred embodiments, Small molecules are organic or inor 
ganic compounds having a molecular weight of less than 
about 5,000 grains per mole. In certain preferred embodi 
ments, Small molecules are organic or inorganic compounds 
having molecular weight of less than about 1,000 grams per 
mole. In certain preferred embodiments, Small molecules are 
organic or inorganic compounds having a molecular weight 
of less than about 500 grams per mole. 
STIMULATE or STIMULATING, in relationship to the 

term “response' shall mean that a response is increased in the 
presence of a compound as opposed to in the absence of the 
compound. 
SUBJECT as used herein shall preferably refer to a mam 

mal, including but not limited to a mouse, a rat, a rabbit, a pig, 
a dog, a cat, a non-human primate, a non-human mammal and 
a human, more preferably to a mouse or rat, most preferably 
to a human. 
THERAPEUTICALLY EFFECTIVE AMOUNT as used 

herein refers to the amount of active compound or pharma 
ceutical agent that elicits the biological or medicinal response 
in a tissue, system, animal, Subject or human that is being 
sought by a researcher, Veterinarian, medical doctor or other 
clinician, which includes one or more of the following: 

(1) Preventing the disease; for example, preventing a dis 
ease, condition or disorder in a subject that may be 
predisposed to the disease, condition or disorder but 
does not yet experience or display the pathology or 
symptomatology of the disease, 

(2) Inhibiting the disease; for example, inhibiting a disease, 
condition or disorder in a Subject that is experiencing or 
displaying the pathology or symptomatology of the dis 
ease, condition or disorder (i.e., arresting further devel 
opment of the pathology and/or symptomatology), and 

(3) Ameliorating the disease; for example, ameliorating a 
disease, condition or disorder in a Subject that is expe 
riencing or displaying the pathology or symptomatology 
of the disease, condition or disorder (i.e., reversing the 
pathology and/or symptomatology). 

VARIANT as the term is used herein, is a polynucleotide or 
polypeptide that differs from a reference polynucleotide or 
polypeptide respectively, but retains essential properties. A 
typical variant of a polynucleotide differs in nucleotide 
sequence from another, reference polynucleotide. Changes in 
the nucleotide sequence of the variant may or may not alter 
the amino acid sequence of a polypeptide encoded by the 
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reference polynucleotide. A typical variant of a polypeptide 
differs in amino acid sequence from another, reference 
polypeptide. A variant and reference polypeptide may differ 
in amino acid sequence by one or more Substitutions, addi 
tions, deletions in any combination. A variant of a polynucle 
otide or polypeptide may be a naturally occurring one such as 
an ALLELIC VARIANT, or it may be a variant that is not 
known to occur naturally. Non-naturally occurring variants of 
polynucleotides and polypeptides may be made by mutagen 
esis techniques or by direct synthesis. 
A. Introduction 
The order of the following sections is set forth for presen 

tational efficiency and is not intended, nor should be con 
Strued, as a limitation on the disclosure or the claims to follow. 
B. Receptor Expression 

1. GPCR Polypeptides of Interest 
A GPCR of the invention may comprise an amino acid 

sequence selected from the group consisting of 
(a) the amino acid sequence of SEQID NO: 2; 
(b) amino acids 2-617 of SEQID NO: 2: 
(c)amino acids 2-617 of SEQID NO:2, wherein the GPCR 

does not comprise amino acids 1-617 of SEQID NO: 2; 
(d) the amino acid sequence of (a), (b) or (c), wherein SEQ 
ID NO: 2 comprises any combination of a substitution of 
serine at amino acid position 493 of SEQID NO: 2 with 
asparagine, a Substitution of threonine at amino acid 
position 532 of SEQ ID NO: 2 with alanine, and a 
substitution of valine atamino acid position 606 of SEQ 
ID NO: 2 with isoleucine; 

(e) the amino acid sequence of SEQID NO: 4; 
(f) amino acids 2-613 of SEQID NO: 4; 
(g) amino acids 2-613 of SEQ ID NO: 4, wherein the 
GPCR does not comprise amino acids 1-613 of SEQID 
NO: 4; 

(h) the amino acid sequence of (i), (ii) or (iii), wherein SEQ 
ID NO: 4 comprises any combination of a substitution of 
asparagine at amino acid position 493 of SEQID NO: 4 
with serine, a Substitution of alanine at amino acid posi 
tion 528 of SEQID NO. 4 with threonine, and a substi 
tution of valine at amino acid position 602 of SEQ ID 
NO: 4 with isoleucine; 

(i) the amino acid sequence of a G protein-coupled receptor 
encoded by a polynucleotide that is amplifiable by poly 
merase chain reaction (PCR) on a human DNA sample 
using specific primers SEQID NO:9 and SEQID NO: 
10: 

() the amino acid sequence of a G protein-coupled receptor 
encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 1 or SEQID 
NO:3: 

(k) the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 2 or SEQID NO: 4; 

(1) the amino acid sequence of SEQID NO: 6: 
(m)amino acids 2-591 of SEQID NO: 6: 
(n)amino acids 2-591 of SEQID NO: 6 wherein the GPCR 

does not comprise amino acids 1-591 of SEQID NO: 6; 
(o) the amino acid sequence of a G protein-coupled recep 

tor encoded by a polynucleotide hybridizing at high 
stringency to the complement of SEQID NO: 5; 

(p) the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 6: 

(q) the amino acid sequence of SEQID NO: 8: 
(r) amino acids 2-594 of SEQID NO:8: 
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(s)amino acids 2-594 of SEQID NO:8, wherein the GPCR 

does not comprise amino acids 1-594 of SEQID NO:8: 
(t) the amino acid sequence of a G protein-coupled receptor 

encoded by a polynucleotide hybridizing at high Strin 
gency to the complement of SEQID NO: 7; 

(u)the amino acid sequence of a G protein-coupled recep 
tor having at least about 75%, at least about 80%, at least 
about 85%, at least about 90% or at least about 95% 
identity to SEQID NO: 8; and 

(v) the amino acid sequence of a G protein-coupled recep 
tor that is a constitutively active version of a receptor 
having SEQID NO: 2 or SEQID NO: 4; 

or a variant or biologically active fragment thereof. 
In some embodiments, the GPCR comprises the amino 

acid sequence of a G protein-coupled receptor having at least 
about 75%, at least about 80%, at least about 85%, at least 
about 90% or at least about 95% identity to SEQID NO: 2 or 
SEQID NO: 4. 

In some embodiments, the G protein-coupled receptor hav 
ing at least about 75%, at least about 80%, at least about 85%, 
at least about 90% or at least about 95% identity to SEQID 
NO: 2, SEQID NO:4, SEQID NO: 6 or SEQID NO: 8 is an 
endogenous GPCR. In some embodiments, the G protein 
coupled receptor having at least about 75%, at least about 
80%, at least about 85%, at least about 90% or at least about 
95% identity to SEQID NO: 2, SEQID NO: 4, SEQID NO: 
6 or SEQID NO: 8 is a mammalian endogenous GPCR. In 
Some embodiments, the G protein-coupled receptor having at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90% or at least about 95% identity to SEQID NO: 
2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8 is a 
non-endogenous GPCR. 

In some embodiments, the G protein-coupled receptor that 
is a constitutively active version of a receptor having SEQID 
NO: 2 or SEQID NO. 4 is an endogenous G protein-coupled 
receptor. In some embodiments, the G protein-coupled recep 
tor that is a constitutively active version of a receptor having 
SEQ ID NO: 2 or SEQ ID NO: 4 is a non-endogenous G 
protein-coupled receptor. 

In some embodiments, the human DNA is human cDNA 
derived from a tissue or cell type that expresses GPR50. In 
some embodiments, the human clNA is derived from hypo 
thalamus. In some embodiments, the human cDNA is derived 
from pituitary. 

In some embodiments, a GPCR of the invention is recom 
binant. In some embodiments, the recombinant GPCR is 
recombinant human GPR50. 

In some embodiments, a GPCR of the invention is endog 
COUS. 

In some embodiments, a GPCR of the invention is non 
endogenous. 

In some embodiments, a GPCR of the invention is a mam 
malian GPR50. 

In some embodiments, that is endogenous is a mammalian 
GPRSO. 

In some embodiments, a GPCR of the invention is consti 
tutively active. In some embodiments, an endogenous GPCR 
of the invention is constitutively active. In some embodi 
ments, a non-endogenous GPCR of the invention is constitu 
tively active. In some embodiments, a mammalian GPR50 of 
the invention is constitutively active. In some embodiments, 
the mammalian GPR50 is human GPR50. In some embodi 
ments, the human GPR50 is SEQ ID NO: 2 or an allele 
thereof. In some embodiments, the human GPR50 is SEQID 
NO: 4 or an allele thereof. 

In some embodiments, a GPCR of the invention exhibits a 
detectable level of constitutive activity. In some embodi 
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ments, an endogenous GPCR of the invention exhibits a 
detectable level of constitutive activity. In some embodi 
ments, a non-endogenous GPCR of the invention exhibits a 
detectable level of constitutive activity. In some embodi 
ments, a mammalian GPR50 of the invention exhibits a 
detectable level of constitutive activity. In some embodi 
ments, the mammalian GPR50 is human GPR50. In some 
embodiments, the human GPR50 is SEQIDNO: 2 oran allele 
thereof. In some embodiments, the human GPR50 is SEQID 
NO: 4 or an allele thereof. 

In some embodiments, a GPCR that may be used in the 
Subject methods is a constitutively active version of a receptor 
having SEQID NO: 2. In some embodiments, the constitu 
tively active version of a receptor having SEQID NO: 2 is an 
endogenous G protein-coupled receptor. In some embodi 
ments, the constitutively active version of a receptor having 
SEQID NO: 2 is an endogenous G protein-coupled receptor 
having SEQID NO: 2. In some embodiments, the constitu 
tively active version of a receptor having SEQID NO: 2 is a 
non-endogenous G protein-coupled receptor. In some 
embodiments, a GPCR that may be used in the subject meth 
ods is a constitutively active version of a receptor having SEQ 
ID NO: 4. In some embodiments, the constitutively active 
version of a receptor having SEQID NO. 4 is an endogenous 
G protein-coupled receptor. In some embodiments, the con 
stitutively active version of a receptor having SEQID NO: 4 
is an endogenous G protein-coupled receptor having SEQID 
NO: 4. In some embodiments, the constitutively active ver 
sion of a receptor having SEQID NO. 4 is a non-endogenous 
G protein-coupled receptor. 
By way of illustration and not limitation, deletion of an 

N-terminal methionine residue or an N-terminal signal pep 
tide is envisioned to provide a biologically active fragment 
that may be used in the Subject invention. In some embodi 
ments, a biologically active fragment of the invention is a 
fragment that exhibits a detectable level of constitutive activ 
ity. In some embodiments, the constitutive activity is for 
lowering a level of intracellular cAMP. In some embodi 
ments, the constitutive activity is for causing melanophore 
cells to undergo pigment aggregation. In certain embodi 
ments, a biologically active fragment of the invention is a 
fragment that specifically binds an antibody that recognizes a 
mammalian endogenous GPR50 (an antibody that recognizes 
an endogenous mammalian GPR50 can be obtained commer 
cially from, e.g., Advanced Targeting Systems, San Diego, 
Calif.; and CHEMICON International, Inc., Temecula, 
Calif.) or specifically binds a known ligand of a mammalian 
endogenous GPR50. In certain embodiments, the known 
ligand of the mammalian endogenous GPR50 is an endog 
enous ligand of the mammalian endogenous GPR50. 
An allelic variant of human GPR50 of SEQ ID NO: 2 or 

SEQID NO: 4, of mouse GPR50 of SEQID NO: 6, or of rat 
GPR50 of SEQID NO: 8 is envisioned to be within the scope 
of the invention. In some embodiments, a GPCR that may be 
used in the Subject methods may comprise an allelic variant of 
SEQID NO: 2 or SEQID NO: 4. 
A variant which is a mammalian ortholog of human GPR50 

of SEQID NO: 2 or SEQID NO: 4 is envisioned to be within 
the scope of the invention. By way of illustration and not 
limitation, additional to mouse GPR50 and rat GPR50, sheep 
GPR50 (GenBank) Accession No. NP 001009726), chim 
panzee GPR50 (GenBank(R) Accession No. 
XP 001136005), and rhesus monkey GPR50 (GenBank(R) 
Accession No. XP 001092026) are envisioned to be within 
the scope of the invention. 

In certain embodiments, a variant GPCR that may be used 
in the subject methods is a GPCR derived from SEQID NO: 
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2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8 by 
substitution, deletion or addition of one or several amino 
acids in the amino acid sequence of SEQID NO: 2, SEQID 
NO: 4, SEQID NO: 6 or SEQID NO: 8, respectively. 

In certain embodiments, a variant GPCR that may be used 
in the subject methods is a GPCR derived from SEQID NO: 
2, SEQID NO:4, SEQID NO: 6 or SEQID NO:8 by no more 
than 10 conservative amino acid Substitutions and/or no more 
than 3 non-conservative amino acid substitutions in the amino 
acid sequence of SEQIDNO: 2, SEQID NO: 4, SEQID NO: 
6 or SEQ ID NO: 8, respectively. In certain embodiments, 
arginine, lysine and histidine may conservatively Substitute 
for each other, glutamic acid and aspartic acid may conser 
Vatively Substitute for each other, glutamine and asparagine 
may conservatively substitute for each other; leucine, isoleu 
cine and valine may conservatively Substitute for each other; 
phenylalanine, tryptophan and tyrosine may conservatively 
Substitute for each other, and glycine, alanine, serine, threo 
nine and methionine may conservatively Substitute for each 
other. The amino acid substitutions, amino acid deletions, and 
amino acid additions may be at any position (e.g., the C- or 
N-terminus, or at internal positions). 
A variant of SEQID NO: 2, SEQID NO: 4, SEQID NO: 

6 or SEQID NO:8 having at least about 75%, at least about 
80%, at least about 85%, at least about 90%, at least about 
95%, at least about 96%, at least about 97%, at least about 
98%, at least about 99%, at least about 99.1%, at least about 
99.2%, at least about 99.3%, at least about 99.4%, at least 
about 99.5%, at least about 99.6%, at least about 99.7%, at 
least about 99.8%, or at least about 99.9% identity to SEQID 
NO: 2, SEQ ID NO: 4, SEQ ID NO: 6 or SEQ ID NO: 8, 
respectively, is envisioned to be within the scope of the inven 
tion. In some embodiments, said variant is a variant of SEQ 
ID NO: 2. In some embodiments, said variant is a variant of 
SEQID NO: 4. In some embodiments, the variant which is a 
variant of SEQID NO: 2, SEQ ID NO: 4, SEQID NO: 6 or 
SEQID NO: 8 is a GPCR. In some embodiments, the variant 
which is a variant of SEQID NO: 2, SEQID NO: 4, SEQID 
NO: 6 or SEQ ID NO: 8 is an endogenous GPCR. In some 
embodiments, the variant that is an endogenous GPCR is a 
mammalian GPCR. In some embodiments, the variant which 
is a variant of SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
or SEQ ID NO: 8 is an non-endogenous GPCR. In some 
embodiments, the variant which is a variant of SEQID NO: 2, 
SEQID NO: 4, SEQID NO: 6 or SEQID NO: 8 exhibits a 
detectable level of constitutive activity. In some embodi 
ments, the constitutive activity is for lowering a level of 
intracellular cAMP. In some embodiments, the constitutive 
activity is for causing melanophore cells to undergo pigment 
aggregation. In certain embodiments, the variant which is a 
variant of SEQID NO: 2, SEQ ID NO: 4, SEQID NO: 6 or 
SEQID NO: 8 specifically binds an antibody that recognizes 
an mammalian endogenous GPR50 (an antibody that recog 
nizes an endogenous mammalian GPR50 can be obtained 
commercially from, e.g., Advanced Targeting Systems, San 
Diego, Calif.; and CHEMICON International, Inc., 
Temecula, Calif.) or specifically binds a known ligand of an 
mammalian endogenous GPR50. In certain embodiments, 
the known ligand of the mammalian endogenous GPR50 is an 
endogenous ligand of the mammalian endogenous GPR50. 
Percent identity can be determined conventionally using 
known computer programs. 

In certain embodiments, a variant GPCR that may be used 
in the Subject methods has an amino acid sequence having at 
least about 75%, at least about 80%, at least about 85%, at 
least about 90%, at least about 95%, of at least about 96%, at 
least about 97%, at least about 98%, at least about 99%, at 
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least about 99.1%, at least about 99.2%, at least about 99.3%, 
at least about 99.4%, at least about 99.5%, at least about 
99.6%, at least about 99.7%, at least about 99.8%, or at least 
about 99.9% identity to SEQID NO: 2 or SEQID NO: 4. By 
a variant GPCR having, for example, 95% “identity” to SEQ 
ID NO: 2 is meant that the amino acid sequence of the variant 
is identical to amino acids 1-617 of SEQID NO: 2 except that 
it may include up to five amino acid alterations per each 100 
amino acids of SEQID NO: 2. Thus, to obtain for example an 
amino acid sequence having at least 95% identity to the amino 
acid sequence of SEQID NO: 2, up to 5% (5 of 100) of the 
amino acid residues in the sequence may be inserted, deleted, 
or Substituted with another amino acid compared with amino 
acids 1-617 of SEQID NO: 2. By a variant GPCR having, for 
example, 95% “identity” to SEQID NO: 4 is meant that the 
amino acid sequence of the variant is identical to amino acids 
1-613 of SEQID NO. 4 except that it may include up to five 
amino acid alterations per each 100 amino acids of SEQID 
NO: 4. Thus, to obtain for example an amino acid sequence 
having at least 95% identity to the amino acid sequence of 
SEQID NO: 4, up to 5% (5 of 100) of the amino acid residues 
in the sequence may be inserted, deleted, or substituted with 
anotheramino acid compared with amino acids 1-613 of SEQ 
ID NO: 4. These alternations may occur at the amino or 
carboxy termini or anywhere between those terminal posi 
tions, interspersed either Subjectly among residues in the 
sequence or in one or more contiguous groups within the 
Sequence. 

In some embodiments, a variant GPCR that may be used in 
the subject methods is a GPCR encoded by a polynucleotide 
hybridizing at high stringency to the complement of SEQID 
NO: 1, SEQID NO:3, SEQID NO:5 or SEQID NO: 7. In 
Some embodiments, the polynucleotide hybridizes at high 
stringency to the complement of SEQ ID NO: 1 or SEQ ID 
NO: 3. In some embodiments, the variant is an endogenous 
GPCR. In some embodiments, the variant that is an endog 
enous GPCR is a mammalian GPCR. In some embodiments, 
the variant exhibits a detectable level of constitutive activity. 
In some embodiments, the constitutive activity is for lowering 
a level of intracellular cAMP. In some embodiments, the 
constitutive activity is for causing melanophore cells to 
undergo pigment aggregation. In certain embodiments, the G 
protein-coupled receptor encoded by a polynucleotide 
hybridizing at high stringency to the complement of SEQID 
NO: 1, SEQ ID NO:3, SEQ ID NO. 5 or SEQ ID NO: 7 
specifically binds an antibody that recognizes an mammalian 
endogenous GPR50 (an antibody that recognizes an endog 
enous mammalian GPR50 can be obtained commercially 
from, e.g., Advanced Targeting Systems, San Diego, Calif.; 
and CHEMICON International, Inc., Temecula, Calif.) or 
specifically binds a known ligand of an mammalian endog 
enous GPR50. In certain embodiments, the known ligand of 
the mammalian endogenous GPR50 is an endogenous ligand 
of the mammalian endogenous GPR50. Hybridization tech 
niques are well known to the skilled artisan. In some embodi 
ments, stringent hybridization conditions include overnight 
incubation at 42°C. in a solution comprising: 50% forma 
mide, 5xSSC (1xSSC=150 nM. NaCl, 15 mM trisodium cit 
rate), 50 mM sodium phosphate (pH 7.6), 5xDenhardt’s solu 
tion, 10% dextran sulfate, and 20 ug/ml denatured, sheared 
salmon sperm DNA; followed by washing the filter in 0.1 x 
SSC at about 50° C., at about 55° C., at about 60° C. or at 
about 65° C. 

a. Sequence Identity 
In certain embodiments, percent identity is evaluated using 

the Basic Local Alignment Search Tool (“BLAST), which is 
well known in the art See, e.g., Karlin and Altschul, Proc Natl 
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Acad Sci USA (1990) 87:2264-2268: Altschulet al., J Mol 
Biol (1990) 215:403-410; Altschul et al, Nature Genetics 
(1993) 3:266-272; and Altschul et al., Nucleic Acids Res 
(1997) 25:3389-3402; the disclosure of each of which is 
herein incorporated by reference in its entirety. The BLAST 
programs may be used with the default parameters or with 
modified parameters provided by the user. Preferably, the 
parameters are default parameters. 
A preferred method for determining the best overall match 

between a query sequence (e.g., the amino acid sequence of 
SEQ ID NO:2) and a sequence to be interrogated, also 
referred to as a global sequence alignment, can be determined 
using the FASTDB computer program based on the algorithm 
of Brutlag et al. Comp App Biosci (1990) 6:237-245; the 
disclosure of which is herein incorporated by reference in its 
entirety. In a sequence alignment the query and interrogated 
sequences are both amino acid sequences. The results of said 
global sequence alignment is in percent identity. Preferred 
parameters used in a FASTDB amino acid alignment are: 
Matrix=PAM 0, k-tuple=2, Mismatch Penalty=1, Joining 
Penalty=20, Randomization Group=25, Length=0, Cutoff 
Score=1, Window Size-sequence length, Gap Penalty=5, Gap 
Size Penalty=0.05, Window Size=247 or the length of the 
interrogated amino acid sequence, whichever is shorter. 

If the interrogated sequence is shorter than the query 
sequence due to N- or C-terminal deletions, not because of 
internal deletions, the results, in percent identity, must be 
manually corrected because the FASTDB program does not 
account for N- and C-terminal truncations of the interrogated 
sequence when calculating global percent identity. For inter 
rogated sequences truncated at the N- and C-termini, relative 
to the query sequence, the percent identity is corrected by 
calculating the number of residues of the query sequence that 
are N- and C-terminal of the interrogated sequence, that are 
not matched/aligned with a corresponding interrogated 
sequence residue, as a percent of the total bases of the query 
sequence. Whether a residue is matched/aligned is deter 
mined by results of the FASTDB sequence alignment. This 
percentage is then Subtracted from the percent identity, cal 
culated by the above FASTDB program using the specified 
parameters, to arrive at a final percent identity Score. This 
final percent identity score is what is used for the purposes of 
the present invention. Only residues to the N- and C-termini 
of the interrogated sequence, which are not matched/aligned 
with the query sequence, are considered for the purposes of 
manually adjusting the percent identity score. That is, only 
query amino acid residues outside the farthest N- and C-ter 
minal residues of the interrogated sequence. 

For example, a 90 amino acid residue interrogated 
sequence is aligned with a 100-residue query sequence to 
determine percent identity. The deletion occurs at the N-ter 
minus of the interrogated sequence and therefore, the 
FASTDB alignment does not match/align with the first resi 
dues at the N-terminus. The 10 unpaired residues represent 
10% of the sequence (number of residues at the N- and C-ter 
mini not matched/total number of residues in the query 
sequence) so 10% is subtracted from the percent identity 
score calculated by the FASTDB program. If the remaining 
90 residues were perfectly matched, the final percent identity 
would be 90%. 

In another example, a 90-residue interrogated sequence is 
compared with a 100-residue query sequence. This time the 
deletions are internal so there are no residues at the N- or 
C-termini of the interrogated sequence, which are not 
matched/aligned with the query. In this case, the percent 
identity calculated by FASTDB is not manually corrected. 
Once again, only residue positions outside the N- and C-ter 
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minal ends of the Subject sequence, as displayed in the 
FASTDB alignment, which are not matched/aligned with the 
query sequence are manually corrected. No other corrections 
are made for the purposes of the present invention. 

b. Fusion Proteins 
In certain embodiments, a polypeptide of interest is a 

fusion protein, and may contain, for example, an affinity tag 
domain or a reporter domain. Suitable affinity tags include 
any amino acid sequence that may be specifically bound to 
another moiety, usually another polypeptide, most usually an 
antibody. Suitable affinity tags include epitope tags, for 
example, the V5 tag, the FLAG tag, the HA tag (from hemag 
glutinin influenza virus), the myc tag, and the like, as is 
known in the art. Suitable affinity tags also include domains 
for which, binding substrates are known, e.g., HIS, GST and 
MBP tags, as is known in the art, and domains from other 
proteins for which specific binding partners, e.g., antibodies, 
particularly monoclonal antibodies, are available. Suitable 
affinity tags also include any protein-protein interaction 
domain, Such as a IgG Fe region, which may be specifically 
bound and detected using a Suitable binding partner, e.g. the 
IgG Fc receptor. It is expressly contemplated that such a 
fusion protein may contain a heterologous N-terminal 
domain (e.g., an epitope tag) fused in-frame with a GPCR that 
has had its N-terminal methionine residue either deleted or 
Substituted with an alternative amino acid. 

Suitable reporter domains include any domain that can 
report the presence of a polypeptide. While it is recognized 
that an affinity tag may be used to report the presence of a 
polypeptide using, e.g., a labeled antibody that specifically 
binds to the tag, light emitting reporter domains are more 
usually used. Suitable light emitting reporter domains include 
luciferase (from, e.g., firefly, Vargula, Renilla reniformis or 
Renilla muelleri), or light emitting variants thereof. Other 
Suitable reporter domains include fluorescent proteins, (from 
e.g., jellyfish, corals and other coelenterates as Such those 
from Aequoria, Renilla, Ptilosarcus, Stylatula species), or 
light emitting variants thereof. Light emitting variants of 
these reporter proteins are very well known in the art and may 
be brighter, dimmer, or have different excitation and/or emis 
sion spectra, as compared to a native reporter protein. For 
example, some variants are altered Such that they no longer 
appear green, and may appear blue, cyan, yellow, enhanced 
yellow red (termed BFP, CFP, YFPeYFP and RFP respec 
tively) or have other emission spectra, as is known in the art. 
Other suitable reporter domains include domains that can 
report the presence of a polypeptide through a biochemical or 
color change. Such as B-galactosidase, B-glucuronidase, 
chloramphenicol acetyl transferase, and secreted embryonic 
alkaline phosphatase. 

Also as is known in the art, an affinity tags or a reporter 
domain may be present at any position in a polypeptide of 
interest. However, in most embodiments, they are present at 
the C- or N-terminal end of a polypeptide of interest. 

2. Nucleic Acids Encoding GPCR Polypeptides of Interest 
Since the genetic code and recombinant techniques for 

manipulating nucleic acid are known, and the amino acid 
sequences of GPCR polypeptides of interest described as 
above, the design and production of nucleic acids encoding a 
GPCR polypeptide of interest is well within the skill of an 
artisan. In certain embodiments, standard recombinant DNA 
technology (Ausubel, et al. Short Protocols in Molecular 
Biology, 3rd ed., Wiley & Sons, 1995; Sambrook, et al., 
Molecular Cloning. A Laboratory Manual, Second Edition, 
(1989) Cold Spring Harbor, N.Y.) methods are used. For 
example, GPCR coding sequences may be isolated from a 
library of GPCR coding sequence using any one or a combi 
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nation of a variety of recombinant methods that do not need to 
be described herein. Subsequent substitution, deletion, and/or 
addition of nucleotides in the nucleic acid sequence encoding 
a protein may also be done using standard recombinant DNA 
techniques. 

For example, site directed mutagenesis and Subcloning 
may be used to introduce/delete/substitute nucleic acid resi 
dues in a polynucleotide encoding a polypeptide of interest. 
In other embodiments, PCR may be used. Nucleic acids 
encoding a polypeptide of interest may also be made by 
chemical synthesis entirely from oligonucleotides (e.g., Cello 
et al., Science (2002) 297:1016-8). 

In some embodiments, the codons of the nucleic acids 
encoding polypeptides of interest are optimized for expres 
sion in cells of a particular species, particularly a mammalian, 
e.g., mouse, rat, hamster, non-human primate, or human, 
species. In some embodiments, the codons of the nucleic 
acids encoding polypeptides of interest are optimized for 
expression in cells of a particular species, particularly an 
amphibian species. 

a. Vectors 
The invention further provides vectors (also referred to as 

“constructs”) comprising a subject nucleic acid. In many 
embodiments of the invention, the subject nucleic acid 
sequences will be expressed in a host after the sequences have 
been operably linked to an expression control sequence, 
including, e.g. a promoter. The Subject nucleic acids are also 
typically placed in an expression vector that can replicate in a 
host cell either as an episome or as an integral part of the host 
chromosomal DNA. Commonly, expression vectors will con 
tain selection markers, e.g., tetracycline or neomycin, to per 
mit detection of those cells transformed with the desired DNA 
sequences (see, e.g., U.S. Pat. No. 4,704,362, which is incor 
porated herein by reference). Vectors, including single and 
dual expression cassette Vectors are well known in the art 
(Ausubel, etal, Short Protocols in Molecular Biology, 3rd ed., 
Wiley & Sons, 1995; Sambrook, et al., Molecular Cloning. A 
Laboratory Manual, Second Edition, (1989) Cold Spring 
Harbor, N.Y.). Suitable vectors include viral vectors, plas 
mids, cosmids, artificial chromosomes (human artificial 
chromosomes, bacterial artificial chromosomes, yeast artifi 
cial chromosomes, etc.), mini-chromosomes, and the like. 
Retroviral, adenoviral and adeno-associated viral vectors 
may be used. 
A variety of expression vectors are available to those in the 

art for purposes of producing a polypeptide of interest in a cell 
and include expression vectors which are commercially avail 
able (e.g., from Invitrogen, Carlsbad, Calif.; Clontech, Moun 
tain View, Calif.; Stratagene, La Jolla, Calif.). Commercially 
available expression vectors include, by way of non-limiting 
example, CMV promoter-based vectors. One suitable expres 
sion vector is pCMV. The expression vector may be adenovi 
ral. An exemplary adenoviral vector may be purchased as 
AdEasyTM from Qbiogene (Carlsbad, Calif.) He T C et al. 
Proc Natl AcadSci USA (1998) 95:2509-2514; and U.S. Pat. 
No. 5,922,576; the disclosure of each of which is herein 
incorporated by reference in its entirety. Other suitable 
expression vectors will be readily apparent to those of ordi 
nary skill in the art. 
The Subject nucleic acids usually comprise an single open 

reading frame encoding a subject polypeptide of interest, 
however, in certain embodiments, since the host cell for 
expression of the polypeptide of interest may be a eukaryotic 
cell, e.g., a mammalian cell. Such as a human cell, the open 
reading frame may be interrupted by introns. Subject nucleic 
acid are typically part of a transcriptional unit which may 
contain, in addition to the subject nucleic acid 3' and 5' 
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untranslated regions (UTRs) which may direct RNA stability, 
translational efficiency, etc. The Subject nucleic acid may also 
be part of an expression cassette which contains, in addition 
to the subject nucleic acid a promoter, which directs the 
transcription and expression of a polypeptide of interest, and 
a transcriptional terminator. 

Eukaryotic promoters can be any promoter that is func 
tional in a eukaryotic host cell, including viral promoters and 
promoters derived from eukaryotic genes. Exemplary 
eukaryotic promoters include, but are not limited to, the fol 
lowing: the promoter of the mouse metallothionein I gene 
sequence (Hamer et al., J. Mol. Appl. Gen. 1:273-288, 1982); 
the TK promoter of Herpes virus (McKnight, Cell 31:355 
365, 1982); the SV40 early promoter (Benoist et al., Nature 
(London) 290:304-310, 1981); the yeast gall gene sequence 
promoter (Johnston et al., Proc. Natl. Acad. Sci. (USA) 
79:6971-6975, 1982); Silver et al., Proc. Natl. Acad. Sci. 
(USA) 81:5951-59SS, 1984), the CMV promoter, the EF-1 
promoter. Ecdysone-responsive promoter(s), tetracycline-re 
sponsive promoter, and the like. Viral promoters may be of 
particular interest as they are generally particularly strong 
promoters. In certain embodiments, a promoter is used that is 
a promoter of the target pathogen. Promoters for use in the 
present invention are selected Such that they are functional in 
the cell type (and/or animal) into which they are being intro 
duced. In certain embodiments, the promoter is a CMV pro 
moter. 

In certain embodiments, a Subject vector may also provide 
for expression of a selectable marker. Suitable vectors and 
selectable markers are well known in the art and discussed in 
Ausubel, etal, (Short Protocols in Molecular Biology, 3rded. 
Wiley & Sons, 1995) and Sambrook, et al. (Molecular Clon 
ing: A Laboratory Manual. Third Edition, (2001) Cold Spring 
Harbor, N.Y.). A variety of different genes have been 
employed as selectable markers, and the particular gene 
employed in the Subject vectors as a selectable marker is 
chosen primarily as a matter of convenience. Known select 
able marker genes include: the thymidine kinase gene, the 
dihydrofolate reductase gene, the Xanthine-guanine phospho 
ribosyl transferase gene, CAD, the adenosine deaminase 
gene, the asparagine synthetase gene, the antibiotic resistance 
genes, e.g. tetr, ampr. Cmr or cat, kanr or neor (aminoglyco 
side phosphotransferase genes), the hygromycin B phospho 
transferase gene, and the like. 
As mentioned above, polypeptides of interest may be 

fusion proteins that contain an affinity domain and/or a 
reporter domain. Methods for making fusions between a 
reporter or tag and a GPCR, for example, at the C- or N-ter 
minus of the GPCR, are well within the skill of one of skill in 
the art (e.g. McLeanetal, Mol. Pharma. Mol Pharmacol. 1999 
56:1182–91; Ramsay et al., Br. J. Pharmacology, 2001, 315 
323) and will not be described any further. It is expressly 
contemplated that such a fusion protein may contain a heter 
ologous N-terminal domain (e.g., an epitope tag) fused in 
frame with a GPCR that has had its N-terminal methionine 
residue either deleted or substituted with an alternative amino 
acid. It is appreciated that a polypeptide of interest may first 
be made from a native polypeptide and then operably linked 
to a suitable reporter/tag as described above. 

The Subject nucleic acids may also contain restriction sites, 
multiple cloning sites, primer binding sites, ligatable ends, 
recombination sites etc., usually in order to facilitate the 
construction of a nucleic acid encoding a polypeptide of 
interest. 

b. Host Cells 
The invention further provides host cells comprising a 

vector comprising a subject nucleic acid. Suitable host cells 
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include prokaryotic, e.g., bacterial cells (for example E. coli), 
as well as eukaryotic cells e.g. an animal cell (for example an 
insect, mammal, fish, amphibian, bird or reptile cell), a plant 
cell (for example a maize or Arabidopsis cell), or a fungal cell 
(for example a S. cerevisiae cell). In certain embodiments, 
any cell suitable for expression of a polypeptide of interest 
encoding nucleic acid may be used as a host cell. Usually, an 
animal host cell line is used, examples of which are as fol 
lows: monkey kidney cells (COS cells), monkey kidney CVI 
cells transformed by SV40 (COS-7, ATCC CRL 1651); 
human embryonic kidney cells (HEK-293 “293, Graham 
et al. J. Gen Virol. 36:59 (1977)); HEK-293T “293T cells: 
baby hamster kidney cells (BHK, ATCC CCL 10); chinese 
hamster ovary-cells (CHO, Urlaub and Chasin, Proc. Natl. 
Acad. Sci. (USA) 77:4216, (1980); Syrian golden hamster 
cells MCB3901 (ATCC CRL-9595); mouse sertoli cells 
(TM4, Mather, Biol. Reprod. 23:243-251 (1980)); monkey 
kidney cells (CVI ATCC CCL 70); african green monkey 
kidney cells (VERO-76, ATCC CRL-1587); human cervical 
carcinoma cells (HELA, ATCC CCL 2); canine kidney cells 
(MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, 
ATCCCRL1442); human lung cells (W138, ATCCCCL75); 
human liver cells Rep G2, HB 8065); mouse mammary tumor 
(MMT 060562, ATCC CCL 51); TRI cells (Mather et al., 
Annals N. Y. Acad. Sci 383:44-68 (1982)); NIH/3T3 cells 
(ATCC CRL-1658); and mouse L cells (ATCC CCL-1). 

In certain embodiments, melanophores are used. Melano 
phores are skin cells found in lower vertebrates. Relevant 
materials and methods will be followed according to the 
disclosure of U.S. Pat. No. 5,462,856 and U.S. Pat. No. 6,051, 
386. These patent disclosures are herein incorporated by ref 
erence in their entirety. 

Additional cell lines will become apparent to those of 
ordinary skill in the art, and a wide variety of cell lines are 
available from the American Type Culture Collection, 10801 
University Boulevard, Manassas, Va. 20110-2209. 
C. Screening of Candidate Compounds 

1. Generic GPCR Screening Assay Techniques 
When a G protein receptor becomes active, it binds to a G 

protein (e.g. Gq, Gs, Gi. GZ, Go) and stimulates the binding of 
GTP to the G protein. The G protein then acts as a GTPase and 
slowly hydrolyzes the GTP to GDP, whereby the receptor, 
under normal conditions, becomes deactivated. However, 
activated receptors continue to exchange GDP to GTP. A 
non-hydrolyzable analog of GTP, SIGTPYS, can be used to 
monitor enhanced binding to membranes which express acti 
vated receptors. It is reported that SIGTPYS can be used to 
monitor G protein coupling to membranes in the absence and 
presence of ligand. An example of this monitoring, among 
other examples well-known and available to those in the art, 
was reported by Traynor and Nahorski in 1995. A preferred 
use of this assay system is for initial screening of candidate 
compounds because the system is generically applicable to all 
G protein-coupled receptors regardless of the particular G 
protein that interacts with the intracellular domain of the 
receptor. 

2. Specific GPCR Screening Assay Techniques 
Once candidate compounds are identified using the 

'generic G protein-coupled receptor assay (i.e., an assay to 
select compounds that are agonists or inverse agonists), in 
Some embodiments further screening to confirm that the com 
pounds have interacted at the receptor site is preferred. For 
example, a compound identified by the "generic' assay may 
not bind to the receptor, but may instead merely “uncouple' 
the G protein from the intracellular domain. 
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a. Gs, GZ and Gi. 
Gs stimulates the enzyme adenylyl cyclase. Gi (and GZ and 

Go), on the other hand, inhibit adenylyl cyclase. Adenylyl 
cyclase catalyzes the conversion of ATP to cAMP; thus, acti 
vated GPCRs that couple the Gs protein are associated with 
increased cellular levels of cAMP. On the other hand, acti 
vated GPCRs that couple Gi (or GZ, Go) protein are associ 
ated with decreased cellular levels of cAMP. See, generally, 
“Indirect Mechanisms of Synaptic Transmission. Chpt. 8, 
From Neuron To Brain (3" Ed.) Nichols, J. G. et al eds. 
Sinauer Associates, Inc. (1992). Thus, assays that detect 
cAMP can be utilized to determine if a candidate compound 
is, e.g., an inverse agonist to the receptor (i.e., Such a com 
pound would decrease the levels of cAMP). A variety of 
approaches known in the art for measuring cAMP can be 
utilized; in Some embodiments a preferred approach relies 
upon the use of anti-cAMP antibodies in an ELISA-based 
format. Another type of assay that can be utilized is a whole 
cell second messenger reporter system assay. Promoters on 
genes drive the expression of the proteins that a particular 
gene encodes. Cyclic AMP drives gene expression by pro 
moting the binding of a cAMP-responsive DNA binding pro 
tein or transcription factor (CREB) that then binds to the 
promoter at specific sites called cAMP response elements and 
drives the expression of the gene. Reporter systems can be 
constructed which have a promoter containing multiple 
cAMP response elements before the reporter gene, e.g., B-ga 
lactosidase or luciferase. Thus, an activated GS-linked recep 
tor causes the accumulation of cAMP that then activates the 
gene and expression of the reporter protein. The reporter 
protein Such as 3-galactosidase or luciferase can then be 
detected using standard biochemical assays (Chen et al. 
1995). 

b. Go and Gd. 
Gq and Go are associated with activation of the enzyme 

phospholipase C, which in turn hydrolyzes the phospholipid 
PIP, releasing two intracellular messengers: diacylglycerol 
(DAG) and inositol 1,4,5-triphosphate (IP). Increased accu 
mulation of IP is associated with activation of Gq- and Go 
associated receptors. See, generally, “Indirect Mechanisms of 
Synaptic Transmission.” Chpt. 8, From Neuron To Brain (3" 
Ed.) Nichols, J. G. etal eds. Sinauer Associates, Inc. (1992). 
Assays that detect IP accumulation can be utilized to deter 
mine if a candidate compound is, e.g., an inverse agonist to a 
Gq- or Go-associated receptor (i.e., Such a compound would 
decrease the levels of IPs). Gq-associated receptors can also 
been examined using an AP1 reporter assay in that Gq-de 
pendent phospholipase C causes activation of genes contain 
ing AP1 elements; thus, activated Gq-associated receptors 
will evidence an increase in the expression of Such genes, 
whereby inverse agonists thereto will evidence a decrease in 
Such expression, and agonists will evidence an increase in 
Such expression. Commercially available assays for Such 
detection are available. 

3. GPCR Fusion Protein 
The use of an endogenous, constitutively active GPCR or a 

non-endogenous, constitutively activated GPCR, for use in 
screening of candidate compounds for the direct identifica 
tion of inverse agonists or agonists provides an interesting 
screening challenge in that, by definition, the receptor is 
active even in the absence of an endogenous ligand bound 
thereto. Thus, in order to differentiate between, e.g., the non 
endogenous receptor in the presence of a candidate com 
pound and the non-endogenous receptor in the absence of that 
compound, with an aim of such a differentiation to allow for 
an understanding as to whether Such compound may be an 
inverse agonistoragonist or have no affect on Such a receptor, 
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in Some embodiments it is preferred that an approach be 
utilized that can enhance Such differentiation. In some 
embodiments, a preferred approach is the use of a GPCR 
Fusion Protein. 

Generally, once it is determined that a non-endogenous 
GPCR has been constitutively activated using the assay tech 
niques set forth above (as well as others known to the art 
skilled), it is possible to determine the predominant G protein 
that couples with the endogenous GPCR. Coupling of the G 
protein to the GPCR provides a signaling pathway that can be 
assessed. In some embodiments it is preferred that screening 
take place using a mammalian or a melanophore expression 
system, as Sucha system will be expected to have endogenous 
G protein therein. Thus, by definition, in such a system, the 
non-endogenous, constitutively activated GPCR will con 
tinuously signal. In some embodiments it is preferred that this 
signal be enhanced Such that in the presence of, e.g., an 
inverse agonist to the receptor, it is more likely that it will be 
able to more readily differentiate, particularly in the context 
of screening, between the receptor when it is contacted with 
the inverse agonist. 
The GPCR Fusion Protein is intended to enhance the effi 

cacy of G protein coupling with the GPCR. The GPCRFusion 
Protein may be preferred for screening with either an endog 
enous, constitutively active GPCR or a non-endogenous, con 
stitutively activated GPCR because such an approach 
increases the signal that is generated in Such screening tech 
niques. This is important in facilitating a significant 'signal to 
noise' ratio; Such a significant ratio is preferred for the 
screening of candidate compounds as disclosed herein. 
The construction of a construct useful for expression of a 

GPCR Fusion Protein is within the purview of those having 
ordinary skill in the art. Commercially available expression 
vectors and systems offer a variety of approaches that can fit 
the particular needs of an investigator. Important criteria in 
the construction of such a GPCR Fusion Protein construct 
includebut are not limited to, that the GPCR sequence and the 
G protein sequence both be in-frame (preferably, the 
sequence for the endogenous GPCR is upstream of the G 
protein sequence), and that the “stop codon of the GPCR be 
deleted or replaced such that upon expression of the GPCR, 
the G protein can also be expressed. The GPCR can be linked 
directly to the G protein, or there can be spacer residues 
between the two (preferably, no more than about 12, although 
this number can be readily ascertained by one of ordinary skill 
in the art). Based upon convenience, it is preferred to use a 
spacer. In some embodiments, it is preferred that the G protein 
that couples to the non-endogenous GPCR will have been 
identified prior to the creation of the GPCR Fusion Protein 
construct. Because there are only a few G proteins that have 
been identified, it is preferred that a construct comprising the 
sequence of the G protein (i.e., a universal G protein con 
struct, see Example 4(a) below) be available for insertion of a 
GPCR sequence therein; this provides for further efficiency in 
the context of large-scale screening of a variety of different 
GPCRs having different sequences. 
As noted above, activated GPCRs that couple to Gi. GZ and 

Go are expected to inhibit the formation of cAMP making 
assays based upon these types of GPCRs challenging i.e., the 
cAMP signal decreases upon activation, thus making the 
direct identification of, e.g., agonists (which would further 
decrease this signal) challenging. As will be disclosed 
herein, it has been ascertained that for these types of recep 
tors, it is possible to create a GPCR Fusion Protein that is not 
based upon the GPCRs endogenous G protein, in an effort to 
establish a viable cyclase-based assay. Thus, for example, an 
endogenous Gi coupled receptor can be fused to a Gs pro 
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tein-Such a fusion construct, upon expression, “drives” or 
“forces the endogenous GPCR to couple with, e.g., Gs rather 
than the “natural Gi protein, such that a cyclase-based assay 
can be established. Thus, for Gi. GZ and Go coupled recep 
tors, in some embodiments it is preferred that when a GPCR 
Fusion Protein is used and the assay is based upon detection 
ofadenylyl cyclase activity, that the fusion construct be estab 
lished with Gs (or an equivalent G protein that stimulates the 
formation of the enzyme adenylyl cyclase). 

TABLE C 

Effect of cAMP Production Effect of IP Accumulation Effect of cAMP 

56 
these do not target the signal enhancing receptor (this can be 
done prior to or after screening against the co-transfected 
receptors). 
D. Medicinal Chemistry 

Candidate Compounds 
Any molecule known in the art can be tested for its ability 

to modulate (increase or decrease) the activity of a GPCR of 
the present invention. For identifying a compound that modu 

Effect on IP 
upon Activation of GPCR upon Activation of GPCR Production upon Accumulation upon 

G (i.e., constitutive activa- (i.e., constitutive activa- contact with an contact with an 
protein tion or agonist binding) tion or agonist binding) Inverse Agonist Inverse Agonist 

Gs Increase NA Decrease NA 
Gi Decrease NA Increase NA 
GZ Decrease NA Increase NA 
Go Decrease Increase Increase Decrease 
Gq NA Increase NA Decrease 

Equally effective is a G Protein Fusion construct that uti 
lizes a Gq Protein fused with a Gs, Gi. GZ or Go Protein. In 
Some embodiments a preferred fusion construct can be 
accomplished with a Gq Protein wherein the first six (6) 
amino acids of the G-protein C-subunit (“God”) is deleted 
and the last five (5) amino acids at the C-terminal end of God 
is replaced with the corresponding amino acids of the GC. of 
the G protein of interest. For example, a fusion construct can 
have a Gq (6 amino acid deletion) fused with a Gi Protein, 
resulting in a “Gd/Gi Fusion Construct”. This fusion con 
struct will force the endogenous Gi coupled receptor to 
couple to its non-endogenous G protein, Gq, such that the 
second messenger, for example, inositol triphosphate or dia 
cylglycerol, can be measured in lieu of cAMP production. 

4. Co-Transfection of a Target Gi Coupled GPCR with a 
Signal-Enhancer Gs Coupled GPCR (cAMP Based Assays) 
A Gi coupled receptor is known to inhibit adenylyl cyclase, 

and, therefore, decreases the level of cAMP production, 
which can make the assessment of cAMP levels challenging. 
In certain embodiments, an effective technique in measuring 
the decrease in production of cAMP as an indication of acti 
Vation of a receptor that predominantly couples Gi upon 
activation can be accomplished by co-transfecting a signal 
enhancer, e.g., a non-endogenous, constitutively activated 
receptor that predominantly couples with Gs upon activation 
(e.g., TSHR-A623I; see infra), with the Gilinked GPCR. As 
is apparent, activation of a GS coupled receptor can be deter 
mined based upon an increase in production of cAMP. Acti 
Vation of a Gi coupled receptor leads to a decrease in produc 
tion cAMP. Thus, the co-transfection approach is intended to 
advantageously exploit these “opposite' affects. For 
example, co-transfection of a non-endogenous, constitutively 
activated Gs coupled receptor (the “signal enhancer) with 
expression vector alone provides a baseline cAMP signal 
(i.e., although the Gi coupled receptor will decrease cAMP 
levels, this “decrease' will be relative to the substantial 
increase in cAMP levels established by constitutively acti 
vated GS coupled signal enhancer). By then co-transfecting 
the signal enhancer with the “target receptor, an inverse 
agonist of the Gi coupled target receptor will increase the 
measured cAMP signal, while an agonist of the Gi coupled 
target receptor will decrease this signal. 

Candidate compounds that are directly identified using this 
approach should be assessed independently to ensure that 
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lates activity, candidate compounds can be directly provided 
to a cell expressing the receptor. 
This embodiment of the invention is well suited to screen 
chemical libraries for molecules which modulate, e.g., 
inhibit, antagonize, or agonize, the amount of, or activity of 
a receptor. The chemical libraries can be peptide libraries, 
peptidomimetic libraries, chemically synthesized libraries, 
recombinant, e.g., phage display libraries, and in vitro trans 
lation-based libraries, other non-peptide synthetic organic 
libraries, etc. This embodiment of the invention is also well 
Suited to screen endogenous candidate compounds compris 
ing biological materials, including but not limited to plasma 
and tissue extracts, and to screen libraries of endogenous 
compounds known to have biological activity. 

In some embodiments, direct identification of candidate 
compounds is conducted in conjunction with compounds 
generated via combinatorial chemistry techniques, whereby 
thousands of compounds are randomly prepared for Such 
analysis. The candidate compound may be a member of a 
chemical library. This may comprise any convenient number 
of subject members, for exampletens to hundreds to thousand 
to millions of Suitable compounds, for example peptides, 
peptoids and other oligomeric compounds (cyclic or linear), 
and template-based Smaller molecules, for example benzodi 
azepines, hydantoins, biaryls, carbocyclic and polycyclic 
compounds (e.g., naphthalenes, phenothiazines, acridines, 
steroids etc.), carbohydrate and amino acid derivatives, dihy 
dropyridines, benzhydryls and heterocycles (e.g., trizines, 
indoles, thiazolidines etc.). The numbers quoted and the types 
of compounds listed are illustrative, but not limiting. Pre 
ferred chemical libraries comprise chemical compounds of 
low molecular weight and potential therapeutic agents. 

Exemplary chemical libraries are commercially available 
from several sources (ArOule, Tripos/PanLabs, ChemDe 
sign, Pharmacopoeia). In some cases, these chemical libraries 
are generated using combinatorial strategies that encode the 
identity of each member of the library on a substrate to which 
the member compound is attached, thus allowing direct and 
immediate identification of a molecule that is an effective 
modulator. Thus, in many combinatorial approaches, the 
position on a plate of a compound specifies that compounds 
composition. Also, in one example, a single plate position 
may have from 1-20 chemicals that can be screened by 
administration to a well containing the interactions of inter 
est. Thus, if modulation is detected, Smaller and Smallerpools 
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of interacting pairs can be assayed for the modulation activity. 
By Such methods, many candidate molecules can be 
screened. 
Many diversity libraries suitable for use are known in the 

art and can be used to provide compounds to be tested accord 
ing to the present invention. Alternatively, libraries can be 
constructed using standard methods. Further, more general, 
structurally constrained, organic diversity (e.g., nonpeptide) 
libraries, can also be used. By way of example, a benzodiaz 
epine library (see e.g., Bunin et al., 1994, Proc. Natl. Acad. 
Sci. USA 91:4708-4712) may be used. 

In another embodiment of the present invention, combina 
torial chemistry can be used to identify modulators of the 
GPCRs of the present invention. Combinatorial chemistry is 
capable of creating libraries containing hundreds of thou 
sands of compounds, many of which may be structurally 
similar. While high throughput Screening programs are 
capable of screening these vast libraries for affinity for known 
targets, new approaches have been developed that achieve 
libraries of smaller dimension but which provide maximum 
chemical diversity. (See e.g., Matter, 1997, Journal of Medici 
nal Chemistry 40:1219-1229). 
One method of combinatorial chemistry, affinity finger 

printing, has previously been used to test a discrete library of 
small molecules for binding affinities for a defined panel of 
proteins. The fingerprints obtained by the screen are used to 
predict the affinity of the subject library members for other 
proteins or receptors of interest (in the instant invention, the 
receptors of the present invention). The fingerprints are com 
pared with fingerprints obtained from other compounds 
known to react with the protein of interest to predict whether 
the library compound might similarly react. For example, 
rather than testing every ligand in a large library for interac 
tion with a complex or protein component, only those ligands 
having a fingerprint similar to other compounds known to 
have that activity could be tested. (See, e.g., Kauvar et al., 
1995, Chemistry and Biology 2:107-118; Kauvar, 1995, 
Affinity fingerprinting, Pharmaceutical Manufacturing Inter 
national. 8:25-28; and Kauvar, Toxic-Chemical Detection by 
Pattern Recognition in New Frontiers in Agrochemical 
Immunoassay, D. Kurtz. L. Stanker and J. H. Skerritt. Editors, 
1995, AOAC: Washington, D.C., 305-312). 

In some embodiments, the candidate compound is a 
polypeptide. In some preferred embodiments, the candidate 
compound is a small molecule. In some embodiments, the 
candidate compound is not an antibody oran antigen-binding 
fragment thereof. 

Candidate Compounds Identified as Modulators 
Generally, the results of such screening will be compounds 

having unique core structures; thereafter, these compounds 
may be subjected to additional chemical modification around 
a preferred core structure(s) to further enhance the medicinal 
properties thereof. Such techniques are known to those in the 
art and will not be addressed in detail in this patent document. 

In certain embodiments, a modulator of the invention is 
orally active. A number of computational approaches avail 
able to those of ordinary skill in the art have been developed 
for prediction of oral bioavailability of a drug Ooms et al., 
Biochim Biophys Acta (2002) 1587:118-25; Clark & 
Grootenhuis, Curr Opin Drug Discov Devel (2002)5:382–90; 
Cheng et al., J. Comput Chem (2002) 23:172-83: Norinder & 
Haeberlein, Adv. Drug Deliv Rev (2002)54:291-313; Matter 
et al., Comb Chem High Throughput Screen (2001) 4:453-75; 
Podlogar & Muegge, Curr Top Med Chem (2001) 1:257-75; 
the disclosure of each of which is herein incorporated by 
reference in its entirety). Furthermore, positron emission 
tomography (PET) has been successfully used by a number of 
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groups to obtain direct measurements of drug distribution, 
including an assessment of oral bioavailability, in the mam 
malian body following oral administration of the drug, 
including non-human primate and human body Noda et al., J 
Nucl Med (2003) 44:105-8: Gulyas et al., Eur J. Nucl Med 
Mol Imaging (2002) 29:1031-8; Kanerva et al., Psychophar 
macology (1999) 145:76-81; the disclosure of each of which 
is herein incorporated by reference in its entirety. In some 
embodiments, a modulator of the invention is orally active. 

In certain embodiments, a modulator of the invention 
which is orally active is able to cross the blood-brain barrier. 
A number of computational approaches available to those of 
ordinary skill in the art have been developed for prediction of 
the permeation of the blood-brain barrier Ooms et al., Bio 
chim Biophys Acta (2002) 1587:118-25; Clark & Grooten 
huis, Curr Opin Drug Discov Devel (2002) 5:382–90; Cheng 
et al., J. Comput Chem (2002) 23:172-83: Norinder & Hae 
berlein, Adv. Drug Deliv Rev (2002) 54:291-313; Matter et 
al., Comb Chem High Throughput Screen (2001) 4:453-75; 
Podlogar & Muegge, Curr Top Med Chem (2001) 1:257-75; 
the disclosure of each of which is herein incorporated by 
reference in its entirety). A number of in vitro methods have 
been developed to predict blood-brain barrier permeability of 
drugs Lohmann et al., J Drug Target (2002) 10:263-76: 
Hansen et al., J Pharm Biomed Anal (2002) 27:945-58; Otis et 
al., J Pharmocol Toxicol Methods (2001) 45:71-7: Dehouck 
et al. J Neurochem (1990) 54:1798-801; the disclosure of 
each of which is herein incorporated by reference in its 
entirety. Furthermore, a number of strategies have been 
developed to enhance drug delivery across the blood-brain 
barrier Scherrmann, Vascul Pharmacol (2002) 38:349-54; 
Pardridge, Arch Neurol (2002) 59:35-40; Pardridge, Neuron 
(2002) 36:555-8: the disclosure of each of which is hereby 
incorporated by reference in its entirety. Finally, positron 
emission tomography (PET) has been successfully used by a 
number of groups to obtain direct measurements of drug 
distribution, including that within brain, in the mammalian 
body, including non-human primate and human body Noda 
et al., JNucl Med (2003) 44:105-8: Gulyas et al., Eur3 Nucl 
Med Mol Imaging (2002) 29:1031-8; Kanerva et al., Psy 
chopharmacology (1999) 145:76-81; the disclosure of each 
of which is herein incorporated by reference in its entirety. 

In Some embodiments, said modulator is selective for 
GPR50, wherein a modulator selective for GPR50 is under 
stood to refer to a modulator having selectivity for GPR50 
over one or more closely related receptors, such as melatonin 
receptor 1A (MTNR1A: GenBank R. Accession No. 
NP 005.949) or melatonin receptor 1B (MTNR1B: Gen 
Bank R. Accession No. NP 005950). In certain embodi 
ments, a GPR50 selective modulator is a GPR50 selective 
inverse agonist or antagonist having a selectivity for GPR50 
over MTNR1A or MTNR1B of at least about 10-fold or of at 
least about 100-fold. In certain embodiments, a GPR50 selec 
tive modulator is a GPR50 selective inverseagonist orantago 
nist having a selectivity for GPR50 over MTNR1A and 
MTNR1B of at least about 10-fold or of at least about 100 
fold. In some preferred embodiments, GPR50 is human 
GPRSO. 

In some embodiments, the modulator is an inverse agonist 
or antagonist with an ICso of less than about 10 LM, of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM at human, mouse or rat GPR50, preferably at 
human GPR50. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICso of less than a value 
selected from the interval of about 10 nM to 10 uM. In some 
embodiments, modulator is an inverse agonist or antagonist 
with an ICs of less than a value selected from the interval of 
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about 10 nM to 1 uM. In some embodiments, the modulator is 
an inverse agonist or antagonist with an ICs of less than a 
value selected from the interval of about 10 nM to 100 nM. In 
Some embodiments, the modulator is an inverse agonist or 
antagonist with an ICso of less than about 10 LM, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM in GTPYS binding assay carried out with membrane 
from transfected CHO cells, or in pigment aggregation assay 
carried out in transfected melanophores, or in cAMP assay 
carried out in transfected 293 cells optionally co-transfected 
with TSHR, wherein the transfected CHO cells or the trans 
fected melanophore cells or the transfected 293 cells express 
a recombinant GPR50 having an amino acid sequence 
selected from SEQID NO: 2, SEQID NO: 4, SEQID NO: 6 
and SEQID NO: 8. In some embodiments, the recombinant 
GPR50 has the amino acid sequence of SEQ ID NO: 2. In 
some embodiments, the recombinant GPR50 has the amino 
acid sequence of SEQID NO: 4. In some embodiments, the 
modulator is an inverse agonist or antagonist with an ICso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in said assay. In 
Some embodiments, said modulator is an inverse agonist or 
antagonist with an ICs of less than 10 LM in said assay, of 
less than 9 uM in said assay, of less than 8 LM in said assay, 
of less than 7 Min said assay, of less than 6LM in said assay, 
of less than 5uMin said assay, of less than 4LM in said assay, 
of less than 3 Min said assay, of less than 2 LM in said assay, 
of less than 1 uM in said assay, of less than 900 nM in said 
assay, of less than 800 nM in said assay, of less than 700 nM 
in said assay, of less than 600 nM in said assay, of less than 
500 nM in said assay, of less than 400 nM in said assay, of less 
than 300 nM in said assay, of less than 200 nM in said assay, 
of less than 100 nM in said assay, of less than 90 nM in said 
assay, of less than 80 nM in said assay, of less than 70 nM in 
said assay, of less than 60 nM in said assay, of less than 50 nM 
in said assay, of less than 40 nM n said assay, of less than 30 
nM in said assay, of less than 20 nM in said assay, or of less 
than 10 nM in said assay. In some embodiments, the modu 
lator is an inverse agonist or antagonist with an ICso in said 
assay of less than a value selected from the interval of about 
10 nM to 10 uM. In some embodiments, the modulator is an 
inverse agonist orantagonist with an ICs in said assay of less 
than a value selected from the interval of about 10 nM to 1 
LM. In some embodiments, the modulator is an inverse ago 
nist orantagonist with an ICso in said assay of less thana value 
Selected from the interval of about 10 nM to 100 nM. 

In some embodiments, the modulator is an agonist or par 
tial agonist with an ECso of less than about 10M, of less than 
about 1 uM, of less than about 100 nM, or of less than about 
10 nM at human, mouse or rat GPR50, preferably at human 
GPR50. In some embodiments, the modulator is an agonist or 
partial agonist with an ECso of less than a value selected from 
the interval of about 10 nM to 10 uM. In some embodiments, 
modulator is an agonist or partial agonist with an ECso of less 
than a value selected from the interval of about 10 nM to 1 
LM. In some embodiments, the modulator is an agonist or 
partial agonist with an ECso of less than a value selected from 
the interval of about 10 nM to 100 nM. In some embodiments, 
the modulator is an agonist or partial agonist with an ECso of 
less than about 10 uM, of less than about 1 uM, of less than 
about 100 nM, or of less than about 10 nM in GTPYS binding 
assay carried out with membrane from transfected CHO cells, 
or in pigment aggregation assay carried out in transfected 
melanophores, or in cAMP assay carried out in transfected 
293 cells optionally co-transfected with TSHR, wherein the 
transfected CHO cells or the transfected melanophore cells or 
the transfected 293 cells express a recombinant GPR50 hav 
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ing an amino acid sequence selected from SEQ ID NO: 2, 
SEQID NO: 4, SEQ ID NO: 6 and SEQID NO: 8. In some 
embodiments, the recombinant GPR50 has the amino acid 
sequence of SEQ ID NO: 2. In some embodiments, the 
recombinant GPR50 has the amino acid sequence of SEQID 
NO: 4. In some embodiments, the modulator is an agonist or 
partial agonist with an ECso of less than about 10 M. of less 
than about 1 uM, of less than about 100 nM, or of less than 
about 10 nM in said assay. In some embodiments, said modu 
lator is an agonist or partial agonist with an ECso of less than 
10 uM in said assay, of less than 9 JuM in said assay, of less 
than 8 LM in said assay, of less than 7 LM in said assay, of less 
than 6LM in said assay, of less than 5uM in said assay, of less 
than 4LM in said assay, of less than 3 uM in said assay, of less 
than 2 LLM in said assay, of less than 1 uM in said assay, of less 
than 900 nM in said assay, of less than 800 nM in said assay, 
of less than 700 nM in said assay, of less than 600 nM in said 
assay, of less than 500 nM in said assay, of less than 400 nM 
in said assay, of less than 300 nM in said assay, of less than 
200 nM in said assay, of less than 100 nM in said assay, of less 
than 90 nM in said assay, of less than 80 nM in said assay, of 
less than 70 nM in said assay, of less than 60 nM in said assay, 
of less than 50 nM in said assay, of less than 40 nM n said 
assay, of less than 30 nM in said assay, of less than 20 nM in 
said assay, or of less than 10 nM in said assay. In some 
embodiments, the modulator is an agonist or partial agonist 
with an ECso in said assay of less than a value selected from 
the interval of about 10 nM to 10 uM. In some embodiments, 
the modulator is an agonist or partial agonist with an ECso in 
said assay of less than a value selected from the interval of 
about 10 nM to 1 uM. In some embodiments, the modulator is 
an agonist or partial agonist with an ECso in said assay of less 
than a value selected from the interval of about 10 nM to 100 
nM. 
E. Pharmaceutical Compositions 
Compounds of the invention can be formulated into phar 

maceutical compositions using techniques well known in the 
art. 

The invention provides methods of treatment (and preven 
tion) by administration to a Subject in need of said treatment 
(or prevention)atherapeutically effect amount of a modulator 
or a ligand of the invention also see, e.g., PCT Application 
Number PCT/IB02/01461 published as WO 02/066505 on 29 
Aug. 2002; the disclosure of each of which is herein incor 
porated by reference in its entirety. In one aspect, the modu 
lator or the ligand is a Small molecule. In one aspect, the 
modulator is an an inverse agonist or an antagonist. In one 
aspect, the modulator is an inverse agonist. In one aspect, the 
modulator is an antagonist. In one aspect, the modulator is 
Substantially purified. In one aspect, the Subject is a mammal 
including, but not limited to cows, pigs, horses, non-human 
primates, cats, dogs, rabbits, rats, mice, etc., and is preferably 
a human. 

Modulators of the invention can be administered to non 
human mammals see Examples, infra and/or humans, alone 
or in pharmaceutical compositions where they are mixed with 
Suitable carriers or excipient(s) using techniques well known 
to those in the art. Suitable pharmaceutically-acceptable car 
riers are available to those in the art; for example, see Rem 
ington's Pharmaceutical Sciences, 16" Edition, 1980, Mack 
Publishing Co., (Oslo et al., eds.). 
The pharmaceutical composition is then provided at a 

therapeutically effective dose. A therapeutically effective 
dose refers to that amount of a modulator sufficient to result in 
prevention oramelioration of symptoms or physiological sta 
tus of a disorder as determined illustratively and not by limi 
tation by the methods described herein, wherein the preven 
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tion or amelioration of symptoms or physiological status of a 
disorder includes but is not limited to decreasing body mass in 
a Subject, decreasing adiposity in a subject, decreasing per 
centage body fat in a Subject, and preventing or treating 
obesity or a condition related thereto. 

It is expressly considered that the modulators of the inven 
tion may be provided alone or in combination with other 
pharmaceutically or physiologically acceptable compounds. 
Other compounds for the treatment of disorders of the inven 
tion, wherein the treatment of disorders of the invention 
includes but is not limited to decreasing body mass in a 
Subject, decreasing percentage body fat in a subject, and 
preventing or treating obesity or a condition related thereto. 

While the compounds of the invention can be administered 
as the sole active pharmaceutical agent (i.e., mono-therapy), 
compounds of the invention can also be used in combination 
with other pharmaceutical agents (i.e., combination-therapy) 
for the treatment of the diseases/conditions/disorders 
described herein. Therefore, another aspect of the present 
invention includes methods of treatment comprising admin 
istering to a subject in need of treatment a therapeutically 
effective amount of an antagonist or an inverse agonist of the 
present invention in combination with one or more additional 
pharmaceutical agent as described herein. 

It will be understood that the scope of combination-therapy 
of the compounds of the present invention with other phar 
maceutical agents is not limited to those listed herein, Supra or 
infra, but includes in principle any combination with any 
pharmaceutical agent or pharmaceutical composition useful 
for the treatment diseases, conditions or disorders of the 
present invention in a Subject. 

In one aspect of the present invention, the other pharma 
ceutically or physiologically acceptable compound is an anti 
obesity agent Such as apolipoprotein-B secretion/microsomal 
triglyceride transfer protein (apo-B/MTP) inhibitors, MCR4 
agonists, cholescystokinin-A (CCK-A) agonists, serotonin 
and norepinephrine reuptake inhibitors (for example, Sibutra 
mine), sympathomimetic agents, B3 adrenergic receptorago 
nists, dopamine agonists (for example, bromocriptine), mel 
anocyte-stimulating hormone receptor analogs, 5-HT 
serotonin receptor agonists (for example, lorcaserin hydro 
chloride), cannabinoid 1 receptor antagonists for example, 
SR141716: N-(piperidin-1-yl)-5-(4-chlorophenyl)-1-(2,4- 
dichlorophenyl)4-methyl-1H-pyrazole-3-carboxamide, 
melanin concentrating hormone antagonists, leptons (the OB 
protein), leptin analogues, leptin receptor agonists, galanin 
antagonists, lipase inhibitors (such as tetrahydrolipstatin, i.e., 
Orlistat), anorectic agents (such as a bombesin agonist), Neu 
ropeptide-Y antagonists, thromimetic agents, dehydroepi 
androsterone or an analogue thereof, glucocorticoid receptor 
agonists orantagonists, orexin receptorantagonists, urocortin 
binding protein antagonists, glucagon-like peptide-1 receptor 
agonists, ciliary neutrotrophic factors (such as AXokineTM 
available from Regeneron Pharmaceuticals, Inc., Tarrytown, 
N.Y. and Procter & Gamble Company, Cincinnati, Ohio), 
human agouti-related protein (AGRP) antagonists, ghrelin 
receptor antagonists, histamine 3 receptor antagonists or 
reverse agonists, neuromedin U receptor agonists, noradren 
ergic anorectic agents (for example, phentermine, mazindol 
and the like) and appetite Suppressants (for example, bupro 
pion). In some embodiments, the anti-obesity agent is 
selected from the group consisting of orlistat, Sibutramine, 
bromocriptine, ephedrine, leptin, and pseudoephedrine. 

In accordance to an aspect of the present invention, a com 
pound of the present invention can be used in combination 
with a pharmaceutical agent or agents belonging to one or 
more of the classes of drugs cited herein. 
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Routes of Administration 
Suitable routes of administration include oral, nasal, rectal, 

transmucosal, transdermal, or intestinal administration, 
parenteral delivery, including intramuscular, Subcutaneous, 
intramedullary injections, as well as intrathecal, direct intra 
Ventricular, intravenous, intraperitoneal, intranasal, intrapul 
monary (inhaled) or intraocular injections using methods 
known in the art. Other particularly preferred routes of 
administration are aerosol and depot formulation. Sustained 
release formulations, particularly depot, of the invented 
medicaments are expressly contemplated. In certain embodi 
ments, route of administration is oral. 

Composition/Formulation 
Pharmaceutical or physiologically acceptable composi 

tions and medicaments for use in accordance with the present 
invention may be formulated in a conventional manner using 
one or more physiologically acceptable carriers comprising 
excipients and auxiliaries. Proper formulation is dependent 
upon the route of administration chosen. 

Certain of the medicaments described herein will include a 
pharmaceutically or physiologically acceptable carrier and at 
least one modulator of the invention. For injection, the agents 
of the invention may be formulated in aqueous Solutions, 
preferably in physiologically compatible buffers such as 
Hanks’s solution, Ringer's Solution, or physiological saline 
buffer such as a phosphate or bicarbonate buffer. For trans 
mucosal administration, penetrants appropriate to the barrier 
to be permeated are used in the formulation. Such penetrants 
are generally known in the art. 

Pharmaceutical or physiologically acceptable preparations 
that can be taken orally include push-fit capsules made of 
gelatin, as well as soft, sealed capsules made of gelatin and a 
plasticizer, such as glycerol or Sorbitol. The push-fit capsules 
can contain the active ingredients in admixture with fillers 
Such as lactose, binders such as starches, and/or lubricants 
Such as talc or magnesium Stearate and, optionally, stabiliz 
ers. In soft capsules, the active compounds may be dissolved 
or Suspended in Suitable liquids, such as fatty oils, liquid 
paraffin, or liquid polyethylene glycols. In addition, stabiliz 
ers may be added. All formulations for oral administration 
should be in dosages suitable for Such administration. 
For buccal administration, the compositions may take the 
form of tablets or lozenges formulated in conventional man 

. 

For administration by inhalation, the compounds for use 
according to the present invention are conveniently delivered 
in the form of an aerosol spray presentation from pressurized 
packs for a nebulizer, with the use of a suitable gaseous 
propellant, e.g., carbon dioxide. In the case of a pressurized 
aerosol the dosage unit may be determined by providing a 
valve to deliverametered amount. Capsules and cartridges of 
e.g., gelatin, for use in an inhaler or insufflator, may be for 
mulated containing a powder nix of the compound and a 
Suitable powder base such as lactose or starch. 
The compounds may be formulated for parenteral admin 

istration by injection, e.g., by bolus injection or continuous 
infusion. Formulations for injection may be presented in unit 
dosage for, e.g., in ampoules or in multi-dose containers, with 
an added preservative. The compositions may take Such 
forms as Suspension, Solutions or emulsions in aqueous 
vehicles, and may contain formulatory agents such as Sus 
pending, stabilizing and/or dispersing agents. 

Pharmaceutical or physiologically acceptable formula 
tions for parenteral administration include aqueous solutions 
of the active compounds in water-soluble form. Aqueous 
Suspension may contain Substances that increase the viscosity 
of the Suspension, Such as sodium carboxymethyl cellulose, 



US 7,998,685 B2 
63 

Sorbitol, or dextran. Optionally, the Suspension may also con 
tain suitable stabilizers or agents that increase the solubility 
of the compounds to allow for the preparation of highly 
concentrated Solutions. 

Alternatively, the active ingredient may be in powder or 
lyophilized form for constitution with a suitable vehicle, such 
as sterile pyrogen-free water, before use. 

In addition to the formulations described previously, the 
compounds may also be formulated as a depot preparation. 
Such long acting formulations may be administered by 
implantation (for example Subcutaneously or intramuscu 
larly) or by intramuscular injection. Thus, for example, the 
compounds may be formulated with Suitable polymeric or 
hydrophobic materials (for example as an emulsion in an 
acceptable oil) or ion exchange resins, or as sparingly soluble 
derivatives, for example, as a sparingly soluble salt. 

In a particular embodiment, the compounds can be deliv 
ered via a controlled release system. In one embodiment, a 
pump may be used (Langer, supra; Sefton, 1987, CRC Crit. 
Ref Biomed. Eng. 14:201-240; Buchwald et al., 1980, Sur 
gery 88:507-516; Saudek et al., 1989, N. Engl. J. Med. 321: 
574-579). In another embodiment, polymeric materials can 
be used (Medical Applications of Controlled Release, Langer 
and Wise, eds., CRC Press, Boca Raton, Fla., 1974; Con 
trolled Drug Bioavailability, Drug Product Design and Per 
formance, Smolen and Ball, eds., Wiley, New York, 1984; 
Ranger and Peppas, 1983, Macromol. Sci. Rev. Macromol. 
Chem. 23:61; Levy et al., 1985, Science 228:190-192: During 
et al., 1989, Ann. Neurol. 25:351-356: Howard et al., 1989, J. 
Neurosurg. 71:858-863). Other controlled release systems 
are discussed in the review by Langer (1990, Science 249: 
1527-1533). 

Additionally, the compounds may be delivered using a 
Sustained-release system, such as semipermeable matrices of 
Solid hydrophobic polymers containing the therapeutic agent. 
Various sustained release materials have been established and 
are well known by those skilled in the art. Sustained-release 
capsules may, depending on their chemical nature, release the 
compounds for a few weeks up to over 100 days. 

Depending on the chemical nature and the biological sta 
bility of the therapeutic reagent, additional strategies for 
modulator stabilization may be employed. 
The pharmaceutical or physiologically acceptable compo 

sitions also may comprise Suitable Solid or gel phase carriers 
or excipients. Examples of such carriers or escipients include 
but are not limited to calcium carbonate, calcium phosphate, 
various Sugars, starches, cellulos derivatives, gelatin, and 
polymers such as polyethylene glycols. 

Effective Dosage 
Pharmaceutical or physiologically acceptable composi 

tions Suitable for use in the present invention include compo 
sitions wherein the active ingredients are contained in an 
effective amount to achieve their intended purpose. More 
specifically, a therapeutically effective amount means an 
amount effective to prevent development of or to alleviate the 
existing symptoms of the Subject being treated. Determina 
tion of the effective amounts is well within the capability of 
those skilled in the art, especially in light of the detailed 
disclosure provided herein. 

For any compound used in the method of the invention, the 
therapeutically effective dose can be estimated initially from 
cell culture assays. For example, a dose can be formulated in 
animal models to achieve a circulating concentration range 
that includes or encompasses a concentration point or range 
shown to increase an intracellular level of cAMP in a cell 
comprising GPR50 in an in vitro assay. Such information can 
be used to more accurately determine useful doses in humans. 
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Atherapeutically effective dose refers to that amount of the 

compound that results in amelioration of symptoms in a 
patient. Toxicity and therapeutic efficacy of such compounds 
can be determined by standard pharmaceutical procedures in 
cell cultures or experimental animals, e.g., for determining 
the LDs (the dose lethal to 50% of the test population) and 
the EDs (the dose therapeutically effective in 50% of the test 
population). The dose ratio between toxic and therapeutic 
effects is the therapeutic index and it can be expressed as the 
ratio between LDso and EDso. Compounds that exhibit high 
therapeutic indices are preferred. 
The data obtained from these cell culture assays and animal 

studies can be used informulating a range of dosage for use in 
humans. The dosage of Such compounds lies preferably 
within a range of circulating concentrations that include the 
EDs, with little or no toxicity. The dosage may vary within 
this range depending upon the dosage form employed and the 
route of administration utilized. The exact formulation, route 
of administration and dosage can be chosen by the Subject 
physician in view of the patient’s condition. (See, e.g., Fingl 
et al., 1975, in “The Pharmacological Basis of Therapeutics'. 
Ch. 1). 

Dosage amount and interval may be adjusted Subjectly to 
provide plasma levels of the active compound which are 
sufficient to prevent or treat a disorder of the invention, 
depending on the particular situation. Dosages necessary to 
achieve these effects will depend on subject characteristics 
and route of administration. 

Dosage intervals can also be determined using the value for 
the minimum effective concentration. Compounds should be 
administered using a regimen that maintains plasma levels 
above the minimum effective concentration for 10-90% of the 
time, preferably between 30–99%, and most preferably 
between 50-90%. In cases of local administration or selective 
uptake, the effective local concentration of the drug may not 
be related to plasma concentration. 
The amount of composition administered will, of course, 

be dependent on the subject being treated, on the subjects 
weight, the severity of the affliction, the manner of adminis 
tration, and the judgement of the prescribing physician. 
A preferred dosage range for the amount of a modulator of 

the invention, which can be administered on a daily or regular 
basis to achieve desired results is 0.1-100 mg/kg body mass. 
Other preferred dosage range is 0.1-30 mg/kg body mass. 
Other preferred dosage range is 0.1-10 mg/kg body mass. 
Other preferred dosage range is 0.1-3.0 mg/kg body mass. Of 
course, these daily dosages can be delivered or administered 
in Small amounts periodically during the course of a day. It is 
noted that these dosage ranges are only preferred ranges and 
are not meant to be limiting to the invention. Said desired 
results include, but are not limited to, decreasing body mass in 
a Subject, decreasing adiposity in a subject, decreasing per 
centage body fat in a Subject, and preventing or treating 
obesity or a condition related thereto. 
F. Methods of Treatment 
The invention is drawn interalia to methods including, but 

not limited to, methods of decreasing body mass in a Subject, 
of decreasing adiposity in a Subject, of decreasing percentage 
body fat in a subject, and of preventing or treating obesity or 
a condition related thereto, comprising administering to a 
Subject in need of said decreasing, preventing or treating with 
a modulator of the invention. In some embodiments, the 
modulator is an inverse agonist or antagonist. In some 
embodiments, the modulator is an inverse agonist. In some 
embodiments, the modulator is an antagonist. In some 
embodiments, said modulator is orally active. In some 
embodiments, said orally active modulator is further able to 
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cross the blood-brain barrier. In some embodiments, the 
modulator is administered to the Subject in a pharmaceutical 
composition. In some embodiments, the modulator is pro 
vided to the Subject in a pharmaceutical composition. In some 
embodiments, the modulator is provided to the subject in a 
pharmaceutical composition that is taken orally. In some 
embodiments, the Subject is a non-human mammal. In some 
embodiments, the Subject is a mammal. In certain embodi 
ments, the mammal is amouse, a rat, a non-human primate, or 
a human. In certain preferred embodiments, the Subject or 
mammal is a human. 

In some embodiments, the Subject is in need of having 
body mass decreased. In some embodiments, the Subject is in 
need of having percentage body fat decreased. In some 
embodiments, the Subject is in need of preventing or treating 
obesity or a condition related thereto. 

In some embodiments, the Subject is overweight or obese. 
In some embodiments, the Subject is overweight. In some 
embodiments, the subject is obese. 

In some embodiments, the obesity comprises weight gain 
induced by a high fat diet. 

In some embodiments, the condition related to obesity is 
selected from the group consisting of hypertension, conges 
tive cardiomyopathy, varicosities, pulmonary embolism, 
coronary heart disease, stroke, idiopathic intracranial hyper 
tension, meralgia parethetica, dyspnea, obstructive sleep 
apnea, hypoVentilation syndrome, Pickwickian syndrome, 
asthma, immobility, degenerative osteoarthritis, low back 
pain, striae distensae or “stretch marks. Venous stasis of the 
lower extremities, lymphedema, cellulitis, intertrigo, car 
buncles, acanthosis nigricans, skin tags, gastro-esophageal 
reflux disorder, nonalcoholic fatty liver/steatohepatitis, 
cholelithiasis, hernias, colon cancer, stress incontinence, obe 
sity-related glomerulopathy, breast and uterine cancer, 
depression and low self-esteem, impaired quality of life, 
metabolic syndrome, insulin resistance, Type 2 diabetes, dys 
lipidemia, atherosclerosis, hyperandrogenemia in women, 
polycystic ovarian syndrome, dysmenorrhea, infertility, preg 
nancy complications, and male hypogonadism. In some 
embodiments, the condition related to obesity is selected 
from the group consisting of hypertension, insulin resistance, 
metabolic syndrome, Type 2 diabetes, dyslipidemia, athero 
Sclerosis, coronary heart disease, and stroke. 
The invention also contemplates methods of preventing or 

treating a disorder ameliorated by increasing body mass 
including, but not limited to: cachexia, wasting, AIDS-related 
weight loss, cancer-related weight loss, anorexia, and 
bulimia, comprising administering to a subject in need of said 
preventing or treating with a modulator of the invention. In 
Some embodiments, the modulator is an agonist or partial 
agonist. In some embodiments, the modulatoris an agonist. In 
Some embodiments, the modulator is a partial agonist. In 
Some embodiments, said modulator is orally active. In some 
embodiments, said orally active modulator is further able to 
cross the blood-brain barrier. In some embodiments, the 
modulator is administered to the Subject in a pharmaceutical 
composition. In some embodiments, the modulator is pro 
vided to the Subject in a pharmaceutical composition. In some 
embodiments, the modulator is provided to the subject in a 
pharmaceutical composition that is taken orally. In some 
embodiments, the Subject is a non-human mammal. In some 
embodiments, the Subject is a mammal. In certain embodi 
ments, the mammal is a mouse, a rat, a nonhuman primate, or 
a human. In certain preferred embodiments, the Subject or 
mammal is a human. 
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G. Other Utility 

Agents that modulate (i.e., increase, decrease, or block) 
receptor functionality of a GPCR of the invention such as a 
mammalian GPR50 may be identified by contacting a candi 
date compound with the GPCR and determining the effect of 
the candidate compound on receptor functionality. The selec 
tivity of a compound that modulates the functionality of a 
mammalian GPR50 such as human GPR50 can be evaluated 
by comparing its effects on GPR50 to its effects on one or 
more other G protein-coupled receptors. In certain embodi 
ments, a GPR50 selective modulator is a GPR50 selective 
inverse agonist or antagonist having a selectivity for GPR50 
over MTNR1A or MTNR1B of at least about 10-fold or of at 
least about 100-fold. In certain embodiments, a GPR50 selec 
tive modulator is a GPR50 selective inverseagonist orantago 
nist having a selectivity for GPR50 over MTNR1A and 
MTNR1B of at least about 10-fold or of at least about 100 
fold. Following identification of compounds that modulate 
GPR50 functionality, such candidate compounds may be fur 
ther tested in other assays including, but not limited to, in vivo 
models, in order to confirm or quantitate their activity. By 
way of illustration and not limitation, the Subject invention 
expressly contemplates the identification of compounds as 
modulators of a mammalian GPR50 GPCR for use as phar 
maceutical agents. Modulators of GPR50 functionality are 
therapeutically useful, e.g., in treatment of diseases and 
physiological conditions in which normal or aberrant GPR50 
functionality is involved. 

Agents that are ligands of a GPCR of the invention such as 
a mammalian GPR50 may be identified by contacting a can 
didate compound with the GPCR and determining whether 
the candidate compound binds to the receptor. The selectivity 
of a compound that binds to a mammalian GPR50 such as 
human GPR50 can be evaluated by comparing its binding to 
GPR50 to its binding to one or more other G protein-coupled 
receptors. Ligands that are modulators of GPR50 receptor 
functionality are therapeutically useful in treatment of dis 
eases and physiological conditions in which normal or aber 
rant GPR50 functionality is involved. 

In other embodiments, agents that are modulators (e.g. 
increase or decrease) of body mass, adiposity or percentage of 
body weight in a Subject or that are useful as pharmaceutical 
agents for obesity and conditions related thereto are identified 
by contacting a candidate compound with a GPR50 receptor 
and determining the effect of the candidate compound on 
GPR50 receptor expression. In some embodiments, the agent 
reduces expression of GPR50 receptor in a cell. In some 
embodiments, the agent reduces expression of GPR50 recep 
tor in a neuronal cell. In some embodiments, the agent 
reduces expression of GPR40 receptor in a human neuronal 
cell. In some embodiments, the GPR50 receptor is endog 
enously expressed by the cell or neuronal cell. In some 
embodiments, a level of GPR50 receptor expression is mea 
sured using anti-GPR50 receptor antibody. Those of skill in 
the art are credited with the ability to produce antibody to 
human, rat or mouse GPR50 receptor that may be used to 
measure a level of GPR50 expression in a cell. In some 
embodiments, a level of GPR50 receptor expression is mea 
sured using radiolableled ligand specific for GPR50 receptor 
(see infra). In some embodiments, a level of GPR50 receptor 
expression is measured by Northern blot or RT-PCR. 
The present invention also relates to a method of identify 

ing whether a candidate compound is an agent that reduces 
expression of GPR50 receptor in a cell, said method compris 
ing the steps of 

(a) contacting or not contacting a plurality of cells com 
prising GPR50 receptor with a candidate compound; 
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(b) measuring the level of GPR50 receptor expression in 
the cells contacted with the candidate compound and the 
level of GPR50 receptor expression in the cells not con 
tacted with the candidate compound; and 

(c) comparing the level of GPR50 receptor expression in 
the cells contacted with the candidate compound with 
the level of GPR50 receptor expression in the cells not 
contacted with the candidate compound; wherein a 
reduction in the level of GPR50 receptor expression in 
the cells contacted with the candidate compound com 
pared with the level of GPR50 receptor expression in the 
cells not contacted with the candidate compound is 
indicative of the candidate compound being an agent 
that reduces expression of GPR50 receptor in a cell. 

The present invention also relates to a method of identify 
ing a candidate compound as a pharmaceutical agent for 
obesity or a condition related thereto, said method comprising 
the steps of: 

(a) contacting or not contacting a plurality of cells com 
prising GPR50 receptor with a candidate compound; 

(b) measuring the level of GPR50 receptor expression in 
the cells contacted with the candidate compound and the 
level of GPR50 receptor expression in the cells not con 
tacted with the candidate compound; and 

(c) comparing the level of GPR50 receptor expression in 
the cells contacted with the candidate compound with 
the level of GPR50 receptor expression in the cells not 
contacted with the candidate compound; wherein a 
reduction in the level of GPR50 receptor expression in 
the cells contacted with the candidate compound com 
pared with the level of GPR50 receptor expression in the 
cells not contacted with the candidate compound is 
indicative of the candidate compound being a pharma 
ceutical agent for obesity or a condition related thereto. 

In certain embodiments, the pharmaceutical agent for obe 
sity or a condition related thereto is a compound for prevent 
ing or treating obesity or a condition related thereto. 

In some embodiments, said method of identifying whether 
a candidate compound is an agent that reduces expression of 
GPR50 receptor in a cell is an in vitro method. 

In some embodiments, said plurality of cells contacted or 
not contacted with the candidate compound in step (a) are 
cultured for at least about 1 hour, at least about 2 hours, at 
least about 4 hours, at least about 8 hours, at least about 16 
hours, at least about 24 hours, at least about 36 hours or at 
least about 48 hours before the level of GPR50 receptor 
expression in said cells is measured in step (b). 
The present invention relates to said agent that reduces 

GPR50 expression in a cell (e.g., a neuronal cell), to a com 
position comprising said agent (e.g., a pharmaceutical com 
position), and to methods of using said composition (e.g., for 
the prevention of or treatment of obesity or a condition related 
thereto), wherein the compound is a small molecule. The 
present invention relates to said agent that reduces GPR50 
expression in a cell (e.g., a neuronal cell), to a composition 
comprising said agent (e.g., a pharmaceutical composition), 
and to methods of using said composition (e.g., for the pre 
vention of or treatment of obesity or a condition related 
thereto), wherein the compound is antisense nucleic acid 
(e.g., antisense RNA). The present invention relates to said 
agent that reduces GPR50 expression in a cell (e.g., a neu 
ronal cell), to a composition comprising said agent (e.g., a 
pharmaceutical composition), and to methods of using said 
composition (e.g., for the prevention of or treatment of obe 
sity or a condition related thereto), wherein the compound is 
a small interfering RNA (siRNA) or short hairpin RNA 
(shRNA) molecule comprising a nucleotide sequence derived 
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from the nucleotide sequence of a GPR50 receptor-encoding 
gene according to standard procedures. As will be known to 
the skilled artisan, siRNA, shRNA and antisense RNA are 
generally capable of modulating expression of a target gene 
see, e.g., Holmlund JT. Ann NY AcadSci (2003) 1002:244 
251; and Devroe et al. Expert Opin Biol Ther (2004) 4:319 
327; the disclosure of each of which is hereby incorporated by 
reference in its entirety. 
The present invention also relates to radioisotope-labeled 

versions of compounds of the invention identified as modu 
lators or ligands of a GPCR of the invention such as a mam 
malian GPR50 that would be useful not only in radio-imaging 
but also in assays, both in vitro and in Vivo, for localizing and 
quantitating GPR50 in tissue samples, including human, and 
for identifying GPR50 ligands in methods relating to inhibi 
tion of binding of a radioisotope-labeled compound Such as a 
known ligand of GPR50. It is a further object of this invention 
to develop novel assays relating to a GPCR of the invention 
such as a mammalian GPR50, such as human GPR50, which 
comprise Such radioisotope-labeled compounds. By way of 
illustration and not limitation, it is envisioned that elevated 
brain GPR50 above a normal range visualized by radio-im 
aging identifies a Subject at risk for obesity or a condition 
related thereto. In some embodiments, the brain GPR50 is 
hypothalamic GPR50. In some embodiments, the brain 
GPR50 is pituitary GPR50. In some embodiments, the sub 
ject is a human. 
The present invention also relates a method of radio-imag 

ing comprising administering to a mammal in need of said 
radio-imaging a radiolabeled compound that is a modulator 
or a ligand of the mammalian GPR50 receptor. In one aspect, 
the ligand of the mammalian GPR50 receptor is not a modu 
lator of the mammalian GPR50 receptor. In some embodi 
ments, the mammal is a human. In some embodiments, the 
method of radio-imaging is for identifying whether the mam 
mal is at risk for or progressing toward obesity or a condition 
related thereto, wherein a level of brain GPR50 in the mam 
mal above the normal range is indicative of the mammal being 
at risk for or progressing toward obesity or a condition related 
thereto. In some embodiments, the method of radio-imaging 
is for identifying the mammal for prevention or treatment of 
obesity or a condition related thereto with an inverse agonist 
or an antagonist of the mammalian GPR50 or with an agent 
that decreases GPR50 expression in a cell or with a pharma 
ceutical composition comprising the inverse agonist or the 
antagonist or the agent and a pharmaceutically acceptable 
carrier, wherein a level of brain GPR50 in the mammal above 
a normal range identifying the mammal for prevention or 
treatment of obesity or a condition related thereto with the 
inverse agonist or the antagonist of the mammalian GPR50 or 
with the agent that decreases GPR50 expression in a cell or 
with the pharmaceutical composition comprising the inverse 
agonist or the antagonist or the agent and a pharmaceutically 
acceptable carrier. In some embodiments, the brain GPR50 is 
hypothalamic GPR50. In some embodiments, the brain 
GPR50 is pituitary GPR50. 
The present invention embraces radioisotope-labeled ver 

sions of compounds of the invention identified as modulators 
or ligands of a GPCR of the invention such as a mammalian 
GPR50, such as human GPR50. 
The present invention also relates to radioisotope-labeled 

versions of test ligands that are useful for detecting a ligand 
bound to a GPCR of the invention such as a mammalian 
GPR50, such as human GPR50. In some embodiments, the 
present invention expressly contemplates a library of said 
radiolabeled test ligands useful for detecting a ligand bound 
to a GPCR of the invention such as a mammalian GPR50, 
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such as human GPR50. In certain embodiments, said library 
comprises at least about 10, at least about 10, at least about 
10, at least about 10, or at least about 10 said radiolabeled 
test compounds. It is a further object of this invention to 
develop novel assays relating to a GPCR of the invention such 
as a mammalian GPR50, such as human GPR50, which com 
prise Such radioisotope-labeled test ligands. 

In some embodiments, a radioisotope-labeled version of a 
compound is identical to the compound, but for the fact that 
one or more atoms are replaced or Substituted by an atom 
having an atomic mass or mass number different from the 
atomic mass or mass number typically found in nature (i.e., 
naturally occurring). Suitable radionuclides that may be 
incorporated in compounds of the present invention include 
but are not limited to H (deuterium), H (tritium), ''C, C, 
14C, 13N, 15N, 15O, 17O, 18O, 18F 35S, 36C1, 82Br, 75 Br, 76Br, 
77Br, 'I, 'I, 'I and ''I. The radionuclide that is incor 
porated in the instant radio-labeled compound will depend on 
the specific application of that radio-labeled compound. For 
example, for in vitro GPR50 receptor labeling and competi 
tion assays, compounds that incorporate H, C, Br, 'I, 
''I, S or will generally be most useful. For radio-imaging 
applications l'C, F, 125I, 12.I., 1*I, II, 75 Br, 79Br or 77Br 
will generally be most useful. In some embodiments, the 
radionuclide is selected from the group consisting of H, ''C, 
18F 14C, 125I, 1241, 131I, 35S and 82Br. 

Synthetic methods for incorporating radio-isotopes into 
organic compounds are applicable to compounds of the 
invention and are well known in the art. These synthetic 
methods, for example, incorporating activity levels of tritium 
into target molecules, are as follows: 

A. Catalytic Reduction with Tritium Gas This procedure 
normally yields high specific activity products and requires 
halogenated or unsaturated precursors. 

B. Reduction with Sodium Borohydride H. This pro 
cedure is rather inexpensive and requires precursors contain 
ing reducible functional groups such as aldehydes, ketones, 
lactones, esters, and the like. 

C. Reduction with Lithium Aluminum Hydride H 
This procedure offers products at almost theoretical specific 
activities. It also requires precursors containing reducible 
functional groups such as aldehydes, ketones, lactones, 
esters, and the like. 

D. Tritium Gas Exposure Labeling This procedure 
involves exposing precursors containing exchangeable pro 
tons to tritium gas in the presence of a Suitable catalyst. 

E. N-Methylation using Methyl Iodide 3H This proce 
dure is usually employed to prepare O-methyl or N-methyl 
(H) products by treating appropriate precursors with high 
specific activity methyl iodide (H). This method in general 
allows for higher specific activity. Such as for example, about 
70-90 Ci/mmol. 
Synthetic methods for incorporating activity levels of 'I 
into target molecules include: 

A. Sandmeyer and like reactions—This procedure trans 
forms an aryl or heteroarylamine into a diazonium salt, Such 
as a tetrafluoroborate salt, and subsequently to 'I labeled 
compound using Na'i I. A represented procedure was 
reported by Zhu, D.-G. and co-workers in J. Org. Chem. 2002, 
67,943-948. 

B. Ortho 'Iodination of phenols. This procedure allows 
for the incorporation of 'I at the orthoposition of a phenol 
as reported by Collier, T. L. and co-workers in J. Labeled 
Compa Radiopharm. 1999, 42, S264-S266. 

C. Aryl and heteroaryl bromide exchange with "I This 
method is generally a two step process. The first step is the 
conversion of the aryl or heteroaryl bromide to the corre 
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sponding tri-alkyltin intermediate using for example, a Pd 
catalyzed reaction i.e. Pd(PhP) or through an aryl or het 
eroaryl lithium, in the presence of a tri-alkyltinhalide or 
hexaalkylditin e.g., (CH)SnSn(CH). A represented pro 
cedure was reported by Bas, M.-D. and co-workers in J. 
Labeled Compa Radiopharm. 2001, 44, S280-S282. 
In some embodiments, a radioisotope-labeled version of a 
compound is identical to the compound, but for the addition 
of one or more substituents comprising a radionuclide. In 
Some further embodiments, the compound is a polypeptide. 
In some further embodiments, the compound is an antibody 
or an antigen-binding fragment thereof. In some further 
embodiments, said antibody is monoclonal. Suitable said 
radionuclide includes but is not limited to H (deuterium), H 
(tritium), 'C, 13C, 14C, 13N, 15N, 15O, 17O, 18O, 18F 35s, 
36C1, 8Br, 75 Br, 7°Br, 77Br, 123, 1241, 'I and I. The 
radionuclide that is incorporated in the instant radio-labeled 
compound will depend on the specific application of that 
radio-labeled compound. For example, for in vitro GPR50 
receptor labeling and competition assays, compounds that 
incorporate H, C, Br, I, I, S or will generally be 
most useful. For radio-imaging applications 'C, F, 'I, 
'?I, II, II, 7Br 7Br or 77Br will generally be most 
useful. In some embodiments, the radionuclide is selected 
from the group consisting of H, C, F, 'C, I, I, I, 
S and Br. 
Methods for adding one or more Substituents comprising a 

radionuclide are within the purview of the skilled artisan and 
include, but are not limited to, addition of radioisotopic iodine 
by enzymatic method Marchalonic JJ, Biochemical Journal 
(1969) 113:299-305; Thorell J I and Johansson B G, Bio 
chimica et Biophysica Acta (1969) 251:363-9; the disclosure 
of each of which is herein incorporated by reference in its 
entirety and or by Chloramine-T/Iodogen/Iodobead meth 
ods Hunter W M and Greenwood FC, Nature (1962) 194: 
495-6: Greenwood F C et al., Biochemical Journal (1963) 
89:114-23; the disclosure of each of which is herein incorpo 
rated by reference in its entirety. 

Other uses of the disclosed receptors and methods will 
become apparent to those in the art based upon, interalia, a 
review of this patent document. 

EXAMPLES 

The following examples are presented for purposes of elu 
cidation, and not limitation, of the present invention. While 
specific nucleic acid and amino acid sequences are disclosed 
herein, those of ordinary skill in the art are credited with the 
ability to make minor modifications to these sequences while 
achieving the same or Substantially similar results reported 
below. Such modified approaches are considered within the 
purview of this disclosure. Without further elaboration, it is 
believed that one skilled in the art can, using the preceding 
description, practice the present invention to its fullest extent. 
The following detailed examples are to be construed as 
merely illustrative, and not limitations of the preceding dis 
closure in any way whatsoever. Those skilled in the art will 
promptly recognize appropriate variations from the proce 
dures. 

Recombinant DNA techniques relating to the subject mat 
ter of the present invention and well known to those of ordi 
nary skill in the art can be found, e.g., in Maniatis T et al., 
Molecular Cloning: A Laboratory Manual (1989) Cold 
Spring Harbor Laboratory; U.S. Pat. No. 6,399.373; and PCT 
Application Number PCT/IB02/01461 published as WO 
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02/066505 on 29 Aug. 2002; the disclosure of each of which 
is herein incorporated by reference in its entirety. 

Example 1 

Full-Length Cloning of Endogenous Human GPR50 

Polynucleotide encoding endogenous human GPR50 was 
cloned by reverse transcription polymerase chain reaction 
(RT-PCR) using the GPR50 specific primers 
5'-GGAAAGCTTAACGATCCCCAGGAGCAACAT-3' 
(SEQ ID NO: 9; sense with HindIII site and the last two 
nucleotides being part of the initiation codon) and 5'-CTGG 
GATCCTACGAGAGCATTTTTCACACAG-3' (SEQ ID 
NO: 10; antisense with BamHI site, TCA as antisense of stop 
codon) and human pituitary cDNA (Clontech) as template. 
Cloned pful DNA polymerase (Stratagene) was used for 
amplification by the following cycle with step 2 to step 4 
repeated 25 times: 
94°C., 3 minutes; 94°C., 1 minute: 62°C., 1 minute; 72°C., 
3 minute; 72°C., 10 minutes. 
A 1.9 Kb PCR fragment of predicted size was isolated, 

digested with HindIII and BamHI, and cloned into the pCMV 
expression vector and sequenced using the T7 DNA seque 
nase kit (Amersham). See, SEQID NO: 1 for a first nucleic 
acid sequence obtained in this manner and SEQID NO:2 for 
the deduced amino acid sequence. See, SEQ ID NO:3 for a 
second nucleic acid sequence obtained in this manner and 
SEQID NO:4 for the deduced amino acid sequence. 

Example 2 

Receptor Expression 

Although a variety of cells are available to the art for the 
expression of proteins, it is most preferred that mammalian 
cells or melanophores be utilized. The primary reason for this 
is predicated upon practicalities, i.e., utilization of e.g. yeast 
cells for the expression of a GPCR, while possible, introduces 
into the protocol a non-mammalian cell which may not (in 
deed, in the case of yeast, does not) include the receptor 
coupling, genetic-mechanism and Secretary pathways that 
have evolved for mammalian systems—thus, results obtained 
in non-mammalian cells, while of potential use, are not as 
preferred as that obtained from mammalian cells or melano 
phores. Of the mammalian cells, CHO, COS-7, MCB3901, 
293 and 293T cells are particularly preferred, although the 
specific mammalian cell utilized can be predicated upon the 
particular needs of the artisan. See infra as relates to melano 
phores, including Example 9. 

a. Transient Transfection 
On day one, 4x10293 cells per 10 cm dish are plated out. 

On day two, two reaction tubes are prepared (the proportions 
to follow for each tube are per plate): tube A is prepared by 
mixing 4 ug DNA (e.g., pCMV vector; pCMV vector com 
prising polynucleotide encoding a GPCR of the invention, 
etc.) in 0.5 ml serum free DMEM (Gibco BRL); tube B is 
prepared by mixing 24 Jul lipofectamine (Gibco BRL) in 0.5 
ml serum free DMEM. Tubes A and B are admixed by inver 
sions (several times), followed by incubation at room tem 
perature for 30–45 min. The admixture is referred to as the 
“transfection mixture'. Plated 293 cells are washed with 
1xRBS, followed by addition of5ml serum free DMEM. 1 ml 
of the transfection mixture is added to the cells, followed by 
incubation for 4 hrs at 37° C./5% CO. The transfection 
mixture is removed by aspiration, followed by the addition of 
10 ml of DMEM/10% Fetal Bovine Serum. Cells are incu 
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bated at 37° C./5% CO. After 48 hr incubation, cells are 
harvested and utilized for analysis. 

b. Stable Cell Lines 
Approximately 12x10 293 cells are plated on a 15 cm 

tissue culture plate. Grown in DME High Glucose Medium 
containing ten percent fetal bovine serum and one percent 
Sodium pyruvate, L-glutamine, and antibiotics. Twenty-four 
hours following plating of 293 cells (or to ~80% confluency), 
the cells are transfected using 12 lug of DNA (e.g., pCMV 
neo' vector comprising polynucleotide encoding a GPCR of 
the invention). The 12 ug of DNA is combined with 60 ul of 
lipofectamine and 2 ml of DME High Glucose Medium with 
out serum. The medium is aspirated from the plates and the 
cells are washed once with medium without serum. The DNA, 
lipofectamine, and medium mixture are added to the plate 
along with 10 ml of medium without serum. Following incu 
bation at 37°C. for four to five hours, the medium is aspirated 
and 25 ml of medium containing serum is added. Twenty-four 
hours following transfection, the medium is aspirated again, 
and fresh medium with serum is added. Forty-eight hours 
following transfection, the medium is aspirated and medium 
with serum is added containing geneticin (G418 drug) at a 
final concentration of 500 g/ml. The transfected cells now 
undergo selection for positively transfected cells containing 
the G418 resistance gene. The medium is replaced every four 
to five days as selection occurs. During selection, cells are 
grown to create stable pools, or split for stable clonal selec 
tion. 

Example 3 

Assays for Determination of GPCR Activation (e.g., 
Screening Assays) 

A variety of approaches are available for assessing activa 
tion of a GPCR of interest, or “target” GPCR. The following 
are illustrative; those of ordinary skill in the art are credited 
with the ability to determine those techniques that are pref 
erentially beneficial for the needs of the artisan. 

1. Membrane Binding Assays: SIGTPYS Assay 
When a G protein-coupled receptor is in its active state, 

either as a result of ligand binding or constitutive activation, 
the receptor couples to a G protein and stimulates the release 
of GDP and subsequent binding of GTP to the G protein. The 
alpha subunit of the G protein-receptor complex acts as a 
GTPase and slowly hydrolyzes the GTP to GDP at which 
point the receptor normally is deactivated. Activated recep 
tors continue to exchange GDP for GTP. The non-hydrolyz 
able GTP analog, SIGTPYS, can be utilized to demonstrate 
enhanced binding of SIGTPYS to membranes expressing 
activated receptors. The advantage of using SIGTPYS 
binding to measure activation is that: (a) it is generically 
applicable to all G protein-coupled receptors; (b) it is proxi 
mal at the membrane Surface making it less likely to pick-up 
molecules which affect the intracellular cascade. 
The assay utilizes the ability of G protein coupled receptors 

to stimulate SIGTPYS binding to membranes expressing 
the relevant receptors. The assay can, therefore, be used to 
screen candidate compounds as modulators of GPCRs. The 
assay is generic and has application to drug discovery at all G 
protein-coupled receptors. 
The SIGTPYS assay is incubated in 20 mM HEPES and 

between 1 and about 20 mM MgCl, (this amount can be 
adjusted for optimization of results, although 20 mM is pre 
ferred) pH 7.4, binding buffer with between about 0.3 and 
about 1.2 nM SIGTPYS (this amount can be adjusted for 
optimization of results, although 1.2 is preferred) and 12.5 to 
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75ug membrane protein (e.g. 293 cells expressing a GPCR of 
the invention; this amount can be adjusted for optimization) 
and 10 uMGDP (this amount can be changed for optimiza 
tion) for 1 hour. Wheatgerm agglutinin beads (25 ul; Amer 
sham) are then added and the mixture incubated for another 
30 minutes at room temperature. The tubes are then centri 
fuged at 1500xg for 5 minutes at room temperature and then 
counted in a Scintillation counter. 

2. Adenylyl Cyclase 
A Flash PlateTM Adenylyl Cyclase kit (New England 

Nuclear; Cat. No. SMP004A) designed for cell-based assays 
can be modified for use with crude plasma membranes. The 
Flash Plate wells can contain a scintillant coating which also 
contains a specific antibody recognizing cAMP. The cAMP 
generated in the wells can be quantitated by a direct compe 
tition for binding of radioactive cAMP tracer to the cAMP 
antibody. The following serves as a brief protocol for the 
measurement of changes in cAMP levels in whole cells that 
express the receptors. 

Transfected cells are harvested approximately twenty-four 
to forty-eight hours after transient transfection. Media is care 
fully aspirated off and discarded. 10 ml of PBS is gently 
added to each dish of cells followed by careful aspiration. 1 
ml of Sigma cell dissociation buffer and 3 ml of PBS are 
added to each plate. Cells are pipetted off the plate and the cell 
Suspension is collected into a 50 ml conical centrifuge tube. 
Cells are then centrifuged at room temperature at 1,100 rpm 
for 5 min. The cell pellet is carefully re-suspended into an 
appropriate volume of PBS (about 3 ml/plate). The cells are 
then counted using a hemocytometer and additional PBS is 
added to give the appropriate number of cells (with a final 
volume of about 50 pul?well). 
cAMP standards and Detection Buffer (comprising 1 uCi 

of tracer 'I cAMP (50 ul) to 11 ml Detection Buffer) is 
prepared and maintained in accordance with the manufactur 
er's instructions. Assay Buffer is prepared fresh for screening 
and contains 50 ul of Stimulation Buffer, 3 ul of test com 
pound (12 uM final assay concentration) and 50 ul cells. 
Assay Buffer is stored on ice until utilized. The assay, pref 
erably carried out e.g. in a 96-well plate, is initiated by addi 
tion of 50 ul of cAMP standards to appropriate wells followed 
by addition of 50 ul of PBS to wells H-11 and H12.50 ul of 
Stimulation Buffer is added to all wells. DMSO (or selected 
candidate compounds) is added to appropriate wells using a 
pin tool capable of dispensing 3 ul of compound solution, 
with a final assay concentration of 12 M test compound and 
100 ul total assay volume. The cells are then added to the 
wells and incubated for 60 minat room temperature. 100 ul of 
Detection Mix containing tracer cAMP is then added to the 
wells. Plates are then incubated additional 2 hours followed 
by counting in a Wallac MicroBeta scintillation counter. Val 
ues of cAMP/well are then extrapolated from a standard 
cAMP curve which is contained within each assay plate. 

3. Cell-Based cAMP Assay for Gi-Coupled Target GPCRs 
TSHR is a Gs coupled GPCR that causes the accumulation 

of cAMP upon activation. TSHR will be constitutively acti 
vated by mutating amino acid residue 623 (i.e., changing an 
alanine residue to an isoleucine residue). A Gi coupled recep 
tor is expected to inhibit adenylyl cyclase, and, therefore, 
decrease the level of cAMP production, which can make 
assessment of cAMP levels challenging. An effective tech 
nique for measuring the decrease in production of cAMP as 
an indication of activation of a Gi coupled receptor can be 
accomplished by co-transfecting, most preferably, non-en 
dogenous, constitutively activated TSHR (TSHR-A623I) (or 
an endogenous, constitutively active GS coupled receptor) as 
a “signal enhancer with a Gi coupled Target GPCR to estab 
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lish a baseline level of cAMP. The Gi coupled receptor is 
co-transfected with the signal enhancer, and it is this material 
that can be used for screening. Such an approach can be 
utilized to effectively generate a signal when a cAMP assay is 
used. In some embodiments, this approach is preferably used 
in the identification of candidate compounds against Gi 
coupled receptors. It is noted that for a Gi coupled GPCR, 
when this approach is used, an inverse agonist of the Target 
GPCR will increase the cAMP signal and an agonist will 
decrease the cAMP signal. 
On day one, 4x10'293 cells per 10 cm dish will be plated 

out. On day two, two reaction tubes will be prepared (the 
proportions to follow for each tube are per plate): tube A will 
be prepared by mixing 2 ug DNA of each receptor transfected 
into the mammalian cells, for a total of 4 Jug DNA (e.g., 
pCMV vector; pCMV vector with mutated THSR (TSHR 
A623I); TSHR-A623I and the Target GPCR, etc.) in 0.5 ml 
serum free DMEM (Irvine Scientific, Irvine, Calif); tube B 
will be prepared by mixing 24 Jul lipofectamine (Gibco BRL) 
in 0.5 ml serum free DMEM. Tubes A and B will then be 
admixed by inversions (several times), followed by incuba 
tion at room temperature for 30–45 min. The admixture is 
referred to as the “transfection mixture. Plated 293 cells will 
be washed with 1xPBS, followed by addition of 5 ml serum 
free DMEM. 1.0 ml of the transfection mixture will then be 
added to the cells, followed by incubation for 4 hrs at 37° 
C./5% CO. The transfection mixture will then be removed by 
aspiration, followed by the addition of 10 ml of DMEM/10% 
Fetal Bovine Serum. Cells will then be incubated at 37° 
C./5% CO. After approximately 24–48 hr incubation, cells 
will then be harvested and utilized for analysis. 
A Flash PlateTM Adenylyl Cyclase kit (New England 

Nuclear; Cat. No. SMP004A) is designed for cell-based 
assays, but can be modified for use with crude plasma mem 
branes depending on the need of the skilled artisan. The Flash 
Plate wells will contain a scintillant coating which also con 
tains a specific antibody recognizing cAMP. The cAMP gen 
erated in the wells can be quantitated by a direct competition 
for binding of radioactive cAMP tracer to the cAMP antibody. 
The following serves as a brief protocol for the measurement 
of changes in cAMP levels in whole cells that express the 
receptors. 

Transfected cells will be harvested approximately twenty 
four to forty-eight hours after transient transfection. Media 
will be carefully aspirated off and discarded. 10 ml of PBS 
will be gently added to each dish of cells followed by careful 
aspiration. 1 ml of Sigma cell dissociation buffer and 3 ml of 
PBS will be added to each plate. Cells will be pipetted off the 
plate and the cell suspension will be collected into a 50 ml 
conical centrifuge tube. Cells will then be centrifuged at room 
temperature at 1,100 rpm for 5 min. The cell pellet will be 
carefully re-suspended into an appropriate volume of PBS 
(about 3 ml/plate). The cells will then be counted using a 
hemocytometer and additional PBS is added to give the 
appropriate number of cells (with a final volume of about 50 
ul/well). 
cAMP standards and Detection Buffer (comprising 1 uCi 

of tracer'I cAMP (50 ul) to 11 ml Detection Buffer) will 
be prepared and maintained in accordance with the manufac 
turer's instructions. Assay Buffer should be prepared fresh for 
screening and contained 50 ul of Stimulation Buffer, 3 ul of 
test compound (12 uM final assay concentration) and 50 ul 
cells, Assay Buffer can be stored on ice until utilized. The 
assay can be initiated by addition of 50 ul of cAMP standards 
to appropriate wells followed by addition of 50 ul of PBS to 
wells H-11 and H12. Fifty ul of Stimulation Buffer will be 
added to all wells. Selected compounds (e.g., TSH) will be 
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added to appropriate wells using a pin tool capable of dis 
pensing 3 ul of compound solution, with a final assay con 
centration of 12 M test compound and 100 ul total assay 
Volume. The cells will then be added to the wells and incu 
bated for 60 min at room temperature. 100 ul of Detection 
Mix containing tracer cAMP will then be added to the wells. 
Plates were then incubated additional 2 hours followed by 
counting in a Wallac MicroBeta scintillation counter. Values 
of cAMP/well will then be extrapolated from a standard 
cAMP curve which is contained within each assay plate. 

4. Reporter-Based Assays 
a. CRE-Luc Reporter Assay (GS-Associated Receptors) 
293 and 293T cells are plated-out on 96 well plates at a 

density of 2x10 cells per well and were transfected using 
Lipofectamine Reagent (BRL) the following day according 
to manufacturer instructions. A DNA/lipid mixture is pre 
pared for each 6-well transfection as follows: 260 ng of plas 
mid DNA in 100 ul of DMEM is gently mixed with 2 ul of 
lipid in 100 ul of DMEM (the 260ng of plasmid DNA consists 
of 200 ng of a 8xCRE-Luc reporter plasmid, 50 ng of pCMV 
comprising endogenous receptor or non-endogenous recep 
tor or pCMV alone, and 10 ng of a GPRS expression plasmid 
(GPRS in pcDNA3 (Invitrogen)). The 8xCRE-Luc reporter 
plasmid was prepared as follows: vector SRIF-3-gal was 
obtained by cloning the rat somatostatin promoter (-71/+51) 
at BglV-HindIII site in the p?3gal-Basic Vector (Clontech). 
Eight (8) copies of cAMP response element were obtained by 
PCR from an adenovirus template AdpCF126CCRE8 see, 
Suzuki et al., Hum Gene Ther (1996) 7: 1883-1893; the dis 
closure of which is herein incorporated by reference in its 
entirety) and cloned into the SRIF-3-gal vector at the Kpn 
BglV site, resulting in the 8xCRE-B-gal reporter vector. The 
8xCRE-Luc reporter plasmid was generated by replacing the 
beta-galactosidase gene in the 8xCRE-B-gal reporter vector 
with the luciferase gene obtained from the pGL3-basic vector 
(Promega) at the HindIII-BamHI site. Following 30 min. 
incubation at room temperature, the DNA/lipid mixture is 
diluted with 400 ul of DMEM and 100 ul of the diluted 
mixture is added to each well. 100 ul of DMEM with 10% 
FCS are added to each well after a 4 hr incubation in a cell 
culture incubator. The following day the transfected cells are 
changed with 200ul?well of DMEM with 10% FCS. Eight (8) 
hours later, the wells are changed to 100 ul/well of DMEM 
without phenol red, after one wash with PBS. Luciferase 
activity is measured the next day using the LucLiteTM reporter 
gene assay kit (Packard) following manufacturer instructions 
and read on a 1450 MicroBetaTM scintillation and lumines 
cence counter (Wallac). 

b. AP1 Reporter Assay (Gq-Associated Receptors) 
A method to detect Gq stimulation depends on the known 

property of Gq-dependent phospholipase C to cause the acti 
Vation of genes containing AP1 elements in their promoter. A 
PathdetectTMAP-1 cis-Reporting System (Stratagene, Cata 
logue #219073) can be utilized following the protocol set 
forth above with respect to the CREB reporter assay, except 
that the components of the calcium phosphate precipitate 
were 410 ng paP1-Luc, 80 ng pCMV-receptor expression 
plasmid, and 20 ng CMV-SEAP (secreted alkaline phos 
phatase expression plasmid; alkaline phosphatase activity is 
measured in the media of transfected cells to control for 
variations in transfection efficiency between samples). 

c. SRF-LUC Reporter Assay (Gq-Associated Receptors) 
One method to detect Gd stimulation depends on the 

known property of Gq-dependent phospholipase C to cause 
the activation of genes containing serum response factors in 
their promoter. A PathdetectTM SRF-Luc-Reporting System 
(Stratagene) can be utilized to assay for Gq coupled activity 
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in, e.g., COS7 cells. Cells are transfected with the plasmid 
components of the system and the indicated expression plas 
mid encoding endogenous or non-endogenous GPCR using a 
Mammalian TransfectionTM Kit (Stratagene, Catalogue 
#200285) according to the manufacturer's instructions. 
Briefly, 410 ng SRF-Luc, 80 ng pCMV-receptor expression 
plasmid and 20 ng CMV-SEAP are combined in a calcium 
phosphate precipitate as per the manufacturers instructions. 
Half of the precipitate is equally distributed over 3 wells in a 
96-well plate, kept on the cells in a serum free media for 24 
hours. The last 5 hours the cells are incubated with, e.g. 1 LM, 
test compound. Cells are then lysed and assayed for luciferase 
activity using a LucliteTM Kit (Packard, Cat. #6016911) and 
“Trilux 1450 Microbeta’ liquid scintillation and lumines 
cence counter (Wallac) as per the manufacturers instruc 
tions. The data can be analyzed using GraphPad PrismTM 2.0a 
(GraphPad Software Inc.). 

d. Intracellular IP3. Accumulation Assay (Gq-Associated 
Receptors) 
On day 1, cells comprising the receptors (endogenous or 

non-endogenous) can be plated onto 24 well plates, usually b 
1x10 cells/well (although his number can be optimized. On 
day 2 cells can be transfected by first mixing 0.25ug DNA in 
50 ul serum free DMEM/well and 2 ul lipofectamine in 50 ul 
serum free DMEM/well. The solutions are gently mixed and 
incubated for 15-30 min at room temperature. Cells are 
washed with 0.5 ml PBS and 400 ul of serum free media is 
mined with the transfection media and added to the cells. The 
cells are then incubated for 3-4 hrs at 37°C./5% CO and then 
the transfection media is removed and replaced with 1 
ml/well of regular growth media. On day 3 the cells are 
labeled with H-myo-inositol. Briefly, the media is removed 
and the cells are washed with 0.5 ml PBS. Then 0.5 ml 
inositol-free/serum free media (GIBCO BRL) is added/well 
with 0.25 uCi of H-myo-inositol/well and the cells are incu 
bated for 16-18 hrs of nat37° C./5% CO. On Day 4 the cells 
are washed with 0.5 ml PBS and 0.45 ml of assay medium is 
added containing inositol-free/serum free media 10 uM par 
gyline 10 mM lithium chloride or 0.4 ml of assay medium and 
optionally 50 ul of test compound to final concentration of 10 
uM. The cells are then incubated for 30 minat37°C. The cells 
are then washed with 0.5 ml PBS and 200ul of fresh/ice cold 
stop solution (1M KOH: 18 mM Na-borate; 3.8 mM EDTA) 
is added/well. The solution is kept on ice for 5-10 minor until 
cells were lysed and then neutralized by 200 ul of freshfice 
cold neutralization sol. (7.5% HCL). The lysate is then trans 
ferred into 1.5 ml eppendorf tubes and 1 ml of chloroform/ 
methanol (1:2) is added/tube. The solution is vortexed for 15 
sec and the upper phase is applied to a Biorad AG1-X8TM 
anion exchange resin (100-200 mesh). Firstly, the resin is 
washed with water at 1:1.25 W/V and 0.9 ml of upper phase 
is loaded onto the column. The column is washed with 10 mls 
of 5 mM myo-inositol and 10 ml of 5 mM Na-borate/60 mM 
Na-formate. The inositol tris phosphates are eluted into scin 
tillation vials containing 10 ml of scintillation cocktail with 2 
ml of 0.1 M formic acid/1 Mammonium formate. The col 
umns are regenerated by washing with 10 ml of 0.1 M formic 
acid/3M ammonium formate and rinsed twice with did H2O 
and stored at 4°C. in water. 

Example 4 

Fusion Protein Preparation 

a. GPCR:Gs Fusion Construct 
The design of the GPCR-G protein fusion construct can be 

accomplished as follows: both the 5' and 3' ends of the rat G 
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protein Gso. (long form: Itoh, H. et al., 83 PNAS3776 (1986)) 
are engineered to include a HindIII (5'-AAGCTT-3') 
sequence thereon. Following confirmation of the correct 
sequence (including the flanking HindIII sequences), the 
entire sequence is shuttled into pcDNA3.1 (-) (Invitrogen, 
cat. no. V795-20) by subcloning using the HindIII restriction 
site of that vector. The correct orientation for the GSO. 
sequence is determined after Subcloning into pcDNA3.1 (-). 
The modified pcDNA3.1 (-) containing the rat GSC. gene at 
HindIII sequence is then verified; this vector is now available 
as a “universal GSO. protein vector. The pcDNA3.1(-) vector 
contains a variety of well-known restriction sites upstream of 
the HindIII site, thus beneficially providing the ability to 
insert, upstream of the Gs protein, the coding sequence of an 
endogenous, constitutively active GPCR. This same 
approach can be utilized to create other “universal G protein 
vectors, and, of course, other commercially available or pro 
prietary vectors known to the artisan can be utilized—the 
important criteria is that the sequence for the GPCR be 
upstream and in-frame with that of the G protein. 

b. Gq.(6 Amino Acid Deletion)/GiFusion Construct 
A Gd(del)/Gi fusion construct is a chimeric G protein 

whereby the first six (6) amino acids of the Gq-protein C-sub 
unit (“God) are deleted and the last five (5) amino acids at 
the C-terminal end of God are replaced with the correspond 
ing amino acids of the Goli subunit. A Gq(del)/Gi fusion 
construct will force an endogenous Gi coupled receptor to 
couple to its non-endogenous G protein, Gq (in the form of 
Gq (del)/Gi), such that the second messenger, for example, 
inositol triphosphate or diacylglycerol or Ca", can be mea 
sured in lieu of cAMP production. 
The Gq(del)/Gifusion construct was designed as follows: 

the N-terminal six (6) amino acids (amino acids 2 through 7. 
having the sequence of TLESIM (SEQ ID NO: 11) of the 
God-subunit were deleted and the C-terminal five (5) amino 
acids, having the sequence EYNLV (SEQ ID NO: 12) were 
replaced with the corresponding amino acids of the GCi Pro 
tein, having the sequence DCGLF (SEQ ID NO: 13). This 
fusion construct was obtained by PCR using the following 
primers: 5'-gatcaagctitcCATGGCGTGCTGCCT 
GAGCGAGGAG-3' (SEQID NO: 14) and 5'-gateggatcTTA 
GAACAGGCCGCAGTCCTTCAGGT 
TCAGCTGCAGGATGGTG-3' (SEQ ID NO: 15) and 
Plasmid 63313 (ATCC(R) Number 63313) which contains the 
mouse God-wild-type Version with a hemagglutinin tag as a 
template. Nucleotides in lower case include cloning sites for 
HindIII/BamHI and spacers. 

TaqPlus Precision DNA polymerase (Stratagene) was uti 
lized for the amplification by the following cycles, with steps 
2 through 4 repeated 35 times: 95°C. for 2 min: 95°C. for 20 
sec; 56°C. for 20 sec; 72° C. for 2 min; and 72°C. for 7 min. 
The PCR product was cloned into pCRII-TOPO vector (Invit 
rogen) and sequenced using the ABI Big Dye Terminator kit 
(P. E. Biosystems). Inserts from a TOPO clone containing the 
sequence of the fusion construct was shuttled into the expres 
sion vector pcDNA3.1 (+) at the HindIII/BamHI site by a 2 
step cloning process. See, SEQID NO: 16 for the nucleic acid 
sequence and SEQ ID NO: 17 for the encoded amino acid 
sequence of Gq (del)/Gi construct. 

Example 5 

SGTPYS Assay 

1. Membrane Preparation 
In some embodiments membranes comprising a Target 

GPCR and for use in the identification of candidate com 
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pounds as, e.g., inverse agonists, agonists, or antagonists, are 
preferably prepared as follows: 

a. Materials 
“Membrane Scrape Buffer is comprised of 20 mM 

HEPES and 10 mM EDTA, pH 7.4; “Membrane Wash 
Buffer is comprised of 20 mM HEPES and 0.1 mM EDTA, 
pH 7.4: “Binding Buffer is comprised of 20 mM HEPES, 
100 mM. NaCl, and 10 mM MgCl, pH 7.4. 

b. Procedure 
All materials will be kept on ice throughout the procedure. 

Firstly, the media will be aspirated from a confluent mono 
layer of cells, followed by rinse with 10 ml cold PBS, fol 
lowed by aspiration. Thereafter, 5 ml of Membrane Scrape 
Buffer will be added to scrape cells; this will be followed by 
transfer of cellular extract into 50 ml centrifuge tubes (cen 
trifuged at 20,000 rpm for 17 minutes at 4°C.). Thereafter, the 
supernatant will be aspirated and the pellet will be resus 
pended in 30 ml Membrane Wash Buffer followed by centri 
fuge at 20,000 rpm for 17 minutes at 4°C. The supernatant 
will then be aspirated and the pellet resuspended in Binding 
Buffer. This will then be homogenized using a Brinkman 
PolytronTM homogenizer (15-20 second bursts until the all 
material is in suspension). This is referred to herein as “Mem 
brane Protein. 

2. Bradford Protein Assay 
Following the homogenization, protein concentration of 

the membranes will be determined using the Bradford Protein 
Assay (protein can be diluted to about 1.5 mg/ml, aliquoted 
and frozen (-80°C.) for later use; when frozen, protocol for 
use will be as follows: on the day of the assay, frozen Mem 
brane Protein is thawed at room temperature, followed by 
vortex and then homogenized with a Polytron at about 12x1, 
000 rpm for about 5-10 seconds; it is noted that for multiple 
preparations, the homogenizer should be thoroughly cleaned 
between homogenization of different preparations). 

a. Materials 
Binding Buffer (as per above); Bradford Dye Reagent; 

Bradford Protein Standard will be utilized, following manu 
facturer instructions (Biorad, cat. no. 500-0006). 

b. Procedure 
Duplicate tubes will be prepared, one including the mem 

brane, and one as a control “blank”. Each contained 800 ul 
Binding Buffer. Thereafter, 10 ul of Bradford Protein Stan 
dard (1 mg/ml) will be added to each tube, and 10 ul of 
membrane Protein will then be added to just one tube (not the 
blank). Thereafter, 200 ul of Bradford Dye Reagent will be 
added to each tube, followed by Vortex of each. After five (5) 
minutes, the tubes will be re-vortexed and the material therein 
will be transferred to cuvettes. The cuvettes will then be read 
using a CECIL 3.04.1 spectrophotometer, at wavelength 595 

. 

3. Identification Assay 
a. Materials 
GDP Buffer consists of 37.5 ml Binding Buffer and 2 mg 

GDP (Sigma, cat. no. G-7127), followed by a series of dilu 
tions in Binding Buffer to obtain 0.2 uMGDP (final concen 
tration of GDP in each well was 0.1 uM GDP); each well 
comprising a candidate compound, has a final Volume of 200 
ul consisting of 100 ul GDP Buffer (final concentration, 0.1 
uMGDP), 50 ul Membrane Protein in Binding Buffer, and 50 
ul SIGTPYS (0.6 nM) in Binding Buffer (2.5 ul SIGT 
PYS per 10 ml Binding Buffer). 

b. Procedure 
Candidate compounds will be preferably screened using a 

96-well plate format (these can be frozen at -80°C.). Mem 
brane Protein (or membranes with expression vector exclud 
ing the Target GPCR, as control), will be homogenized briefly 
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until in suspension. Protein concentration will then be deter 
mined using the Bradford Protein Assay set forth above. 
Membrane Protein (and control) will then be diluted to 0.25 
mg/ml in Binding Buffer (final assay concentration, 12.5 
ug?well). Thereafter, 100 ul GDP Buffer is added to each well 
of a Wallac ScintistripTM (Wallac). A5ul pin-tool will then be 
used to transfer 5ul of a candidate compound into Such well 
(i.e., 5ul in total assay volume of 200 ul is a 1:40 ratio such 
that the final screening concentration of the candidate com 
pound is 10 LM). Again, to avoid contamination, after each 
transfer step the pin tool should be rinsed in three reservoirs 
comprising water (1x), ethanol (1x) and water (2x)—excess 
liquid should be shaken from the tool after each rinse and 
dried with paper and kimwipes. Thereafter, 50 ul of Mem 
brane Protein will be added to each well (a control well 
comprising membranes without the Target GPCR was also 
utilized), and pre-incubated for 5-10 minutes at room tem 
perature. Thereafter, 50 ul of SIGTPYS (0.6 nM) in Binding 
Buffer will be added to each well, followed by incubation on 
a shaker for 60 minutes at room temperature (again, in this 
example, plates were covered with foil). The assay will then 
be stopped by spinning of the plates at 4000 RPM for 15 
minutes at 22°C. The plates will then be aspirated with an 8 
channel manifold and sealed with plate covers. The plates will 
then be read on a Wallac 1450 using setting “Prot. #37 (as per 
manufacturers instructions). 

Example 6 

Cyclic AMP Assay 

Another assay approach for identifying candidate com 
pounds as, e.g., inverse agonists, agonists, or antagonists, is 
accomplished by utilizing a cyclase-based assay. In addition 
to so identifying candidate compounds, this assay approach 
can be utilized as an independent approach to provide confir 
mation of the results from the SIGTPYS approach as set 
forth in Example 5, supra. 
A modified Flash PlateTM Adenylyl Cyclase kit (New 

England Nuclear; Cat. No. SMP004A) is preferably utilized 
for identification of candidate compounds as modulators of a 
Target GPCR in accordance with the following protocol. 

Cells transfected with the Target GPCR are harvested 
approximately three days after transfection. Membranes are 
prepared by homogenization of Suspended cells in buffer 
containing 20 mM HEPES, pH 7.4 and 10 mM MgCl. 
Homogenization is performed on ice using a Brinkman Poly 
tronTM for approximately 10 seconds. The resulting homoge 
nate is centrifuged at 49,000xg for 15 minutes at 4°C. The 
resulting pellet is then resuspended in buffer containing 20 
mM HEPES, pH 7.4 and 0.1 mM EDTA, homogenized for 10 
seconds, followed by centrifugation at 49,000xg for 15 min 
utes at 4°C. The resulting pellet is then stored at -80°C. until 
utilized. On the day of direct identification screening, the 
membrane pellet is slowly thawed at room temperature, 
resuspended in buffer containing 20mM HEPES, pH 7.4 and 
10 mM MgCl, to yield a final protein concentration of 0.60 
mg/ml (the resuspended membranes are placed on ice until 
use). 
cAMP standards and Detection Buffer (comprising 2 uCi 

of tracer IcAMP (100 ul) to 11 ml Detection Buffer are 
prepared and maintained in accordance with the manufactur 
er's instructions. Assay Buffer is prepared fresh for screening 
and contains 20 mM HEPES, pH 7.4, 10 mM MgCl, 20 mM 
phospocreatine (Sigma), 0.1 units/ml creatine phospholdi 
nase (Sigma), 50 uM GTP (Sigma), and 0.2 mM ATP 
(Sigma); Assay Buffer is then stored on ice until utilized. 
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Candidate compounds are added, preferably, to e.g. 

96-well plate wells (3 ul/well; 12 uM final assay concentra 
tion), together with 40 ul Membrane Protein (30 ug/well) and 
50 ul of Assay Buffer. This admixture was then incubated for 
30 minutes at room temperature, with gentle shaking. 

Following the incubation, 100 ul of Detection Buffer is 
added to each well, followed by incubation for 2-24 hours. 
Plates are then counted in a Wallac MicroBetaTM plate reader 
using “Prot. #31 (as per manufacturers instructions). 
By way of example and not limitation, an illustrative 

screening assay plate (96 well format) result obtained is pre 
sented in FIG. 1. Each bar represents the result for a com 
pound that differs in each well, the “Target GPCR being a 
GSC. Fusion Protein construct of an endogenous, constitu 
tively active Gs-coupled GPCR unrelated to GPR50. The 
results presented in FIG. 1 also provide standard deviations 
based upon the mean results of each plate (“m’) and the mean 
plus two arbitrary preference for selection of inverse agonists 
as “leads” from the primary screen involves selection of can 
didate compounds that that reduce the percent response by at 
least the mean plate response, minus two standard deviations. 
Conversely, an arbitrary preference for selection of agonists 
as “leads” from the primary screen involves selection of can 
didate compounds that increase the per cent response by at 
least the mean plate response, plus the two standard devia 
tions. Based upon these selection processes, the candidate 
compounds in the following wells were directly identified as 
putative inverse agonist (Compound A) and agonist (Com 
pound B) to said endogenous GPCR in wells A2 and G9. 
respectively. See, FIG. 1. It is noted for clarity: these com 
pounds have been directly identified without any knowledge 
of the endogenous ligand for this GPCR. By focusing on 
assay techniques that are based upon receptor function, and 
not compound binding affinity, it is possible to ascertain 
compounds that are able to reduce the functional activity of 
this receptor (Compound A) as well as increase the functional 
activity of the receptor (Compound B). 

Example 7 

Fluorometric Imaging Plate Reader (FLIPR) Assay 
for the Measurement of Intracellular Calcium 

Concentration 

Target Receptor (experimental) and pCMV (negative con 
trol) stably transfected cells from respective clonal lines are 
seeded into poly-D-lysine pretreated 96-well plates (Becton 
Dickinson, #356640) at 5.5x10" cells/well with complete cul 
ture medium (DMEM with 10% FBS, 2 mM L-glutamine, 1 
mM Sodium pyruvate) for assay the next day. To prepare 
Fluo4-AM (Molecular Probe, #F14202) incubation buffer 
stock, 1 mg Fluo4-AM is dissolved in 467 ul DMSO and 467 
ul Pluoronic acid (Molecular Probe, iP3000) to give a 1 mM 
stock solution that can be stored at -20° C. for a month. 
Fluo4-AM is a fluorescent calcium indicator dye. 

Candidate compounds are prepared in wash buffer 
(1xHBSS/2.5 mM Probenicid/20 mM HEPES at pH 7.4). 
At the time of assay, culture medium is removed from the 

wells and the cells are loaded with 100 ul of 4 uMFluo4-AM/ 
2.5 mM Probenicid (Sigma, #P8761)/20 mM HEPES/com 
plete medium at pH 7.4. Incubation at 37° C./5% CO is 
allowed to proceed for 60 min. 

After the 1 hr incubation, the Fluo4-AM incubation buffer 
is removed and the cells are washed 2x with 100 ul wash 
buffer. In each well is left 100 ul wash buffer. The plate is 
returned to the incubator at 37° C./5% CO, for 60 min. 
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FLIPR (Fluorometric Imaging Plate Reader; Molecular 
Device) is programmed to add 50 ul candidate compound on 
the 30th second and to record transient changes in intracellu 
lar calcium concentration (Ca"I) evoked by the candidate 
compound for another 150 seconds. Total fluorescence 
change counts are used to determine agonist activity using the 
FLIPR software. The instrument software normalizes the 
fluorescent reading to give equivalent initial readings at Zero. 
By way of illustration and not limitation, the skilled artisan 
would appreciate that a candidate compound can be screened 
as an antagonist of the receptor by assessing its ability to 
inhibit the transient increase in intracellular (Cat) evoked 
by Subsequent contact with a known agonist. In some 
embodiments, the cells comprising Target Receptor further 
comprise Gao.5, Gco.16, or Gd(del)/Gi chimeric G protein. 

Although the foregoing provides a FLIPRassay foragonist 
activity using stably transfected cells, a person of ordinary 
skill in the art would readily be able to modify the assay in 
order to characterize antagonist activity. The person of ordi 
nary skill in the art would also readily appreciate that, alter 
natively, transiently transfected cells could be used. 

Example 8 

MAP Kinase Assay 

MAP kinase (mitogen activated kinase) may be monitored 
to evaluate receptor activation. MAP kinase can be detected 
by several approaches. One approach is based on an evalua 
tion of the phosphorylation state, either unphosphorylated 
(inactive) or phosphorylated (active). The phosphorylated 
protein has a slower mobility in SDS-PAGE and can therefore 
be compared with the unstimulated protein using Western 
blotting. Alternatively, antibodies specific for the phosphory 
lated protein are available (New England Biolabs) which can 
be used to detect an increase in the phosphorylated kinase. In 
either method, cells are stimulated with the test compound 
and then extracted with Laemmli buffer. The soluble fraction 
is applied to an SDS-PAGE gel and proteins are transferred 
electrophoretically to nitrocellulose or Immobilin. Immu 
noreactive bands are detected by standard Western blotting 
technique. Visible or chemiluminescent signals are recorded 
on film and may be quantified by densitometry. 

Another approach is based on evaluation of the MAP 
kinase activity via a phosphorylation assay. Cells are stimu 
lated with the test compound and a soluble extractis prepared. 
The extract is incubated at 30° C. for 10 min with gamma 
P-ATP, an ATP regenerating system, and a specific substrate 

for MAP kinase such as phosphorylated heat and acid stable 
protein regulated by insulin, or PHAS-I. The reaction is ter 
minated by the addition of HPO and samples are transferred 
to ice. An aliquot is spotted onto Whatman P81 chromatog 
raphy paper, which retains the phosphorylated protein. The 
chromatography paper is washed and counted for P is a 
liquid scintillation counter. Alternatively, the cell extract is 
incubated with gamma-P-ATP, an ATP regenerating sys 
tem, and biotinylated myelin basic protein bound by Strepta 
vidin to a filter support. The myelin basic protein is a substrate 
for activated MAP kinase. The phosphorylation reaction is 
carried out for 10 min at 30° C. The extract can then be 
aspirated through the filter, which retains, the phosphorylated 
myelin basic protein. The filter is washed and counted for 'P 
by liquid Scintillation counting. 

Example 9 

Melanophore Technology 

Melanophores are skin cells found in lower vertebrates. 
They contain pigmented organelles termed melanosomes. 
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Melanophores are able to redistribute these melanosomes 
along a microtubule network upon G-protein coupled recep 
tor (GPCR) activation. The result of this pigment movement 
is an apparent lightening or darkening of the cells. In melano 
phores, the decreased levels of intracellular cAMP that result 
from activation of a Gi-coupled receptor cause melanosomes 
to migrate to the center of the cell, resulting in a dramatic 
lightening in color. If cAMP levels are then raised, following 
activation of a Gs-coupled receptor, the melanosomes are 
re-dispersed and the cells appear dark again. The increased 
levels of diacylglycerol that result from activation of Gq 
coupled receptors can also induce this re-dispersion. In addi 
tion, the technology is also Suited to the study of certain 
receptor tyrosine kinases. The response of the melanophores 
takes place within minutes of receptor activation and results 
in a simple, robust color change. The response can be easily 
detected using a conventional absorbance microplate reader 
ora modest video imaging system. Unlike other skin cells, the 
melanophores derive from the neural crest and appear to 
express a full complement of signaling proteins. In particular, 
the cells express an extremely wide range of G-proteins and 
so are able to functionally express almost all GPCRs. 

Melanophores can be utilized to identify compounds, 
including natural ligands, against GPCRs. This method can 
be conducted by introducing test cells of a pigment cell line 
capable of dispersing or aggregating their pigment in 
response to a specific stimulus and expressing an exogenous 
clone coding for the GCPR. A stimulant, e.g., melatonin, sets 
an initial state of pigment disposition wherein the pigment is 
aggregated within the test cells if activation of the GPCR 
induces pigment dispersion. However, Stimulating the cell 
with a stimulant to set an initial state of pigment disposition 
wherein the pigment is dispersed if activation of the GPCR 
induces pigment aggregation. The test cells are then con 
tacted with chemical compounds, and it is determined 
whether the pigment disposition in the cells changed from the 
initial state of pigment disposition. Dispersion of pigments 
cells due to the candidate compound, including but not lim 
ited to a ligand, coupling to the GPCR will appear dark on a 
petri dish, while aggregation of pigments cells will appear 
light. 

Materials and methods can be followed according to the 
disclosure of U.S. Pat. No. 5,462,856 and U.S. Pat. No. 6,051, 
386. These patent disclosures are herein incorporated by ref 
erence in their entirety. 
The cells are plated in e.g. 96-well plates (one receptor per 

plate). 48 hours post-transfection, half of the cells on each 
plate are treated with 10 nM melatonin. Melatonin activates 
an endogenous Gi-coupled receptor in the melanophores and 
causes them to aggregate their pigment. The remaining half of 
the cells are transferred to serum-free medium 0.7x L-15 
(Gibco). After one hour, the cells in serum-free media remain 
in a pigment-dispersed state while the melatonin-treated cells 
are in a pigment-aggregated State. At this point, the cells are 
treated with a dose response of a test/candidate compound. If 
the plated GPCRs bind to the test/candidate compound, the 
melanophores would be expected to undergo a color change 
in response to the compound. If the receptor were either a Gs 
or Gq coupled receptor, then the melatonin-aggregated mel 
anophores would undergo pigment dispersion. In contrast, if 
the receptor was a Gi-coupled receptor, then the pigment 
dispersed cells would be expected to undergo a dose-depen 
dent pigment aggregation. 
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Example 10 

Transgenic Mouse/Rat/Pig Comprising a Disruption 
in a GP50 Gene 

Mouse 
A preferred DNA construct will comprise, from 5'-end to 

3'-end: (a) a first nucleotide sequence that is comprised in the 
mouse GPR50 genomic sequence; (b) a nucleotide sequence 
comprisingapositive selection marker, such as the marker for 
neomycin resistance (neo); and (c) a second nucleotide 
sequence that is comprised in the mouse GPR50 genomic 
sequence and is located on the genome downstream of the 
first mouse GPR50 nucleotide sequence (a). Mouse GPR50 
genomic sequence will be isolated using methods well known 
to those of ordinary skill in the art (Maniatis Tet al., Molecu 
lar Cloning: A Laboratory Manual (1989) Cold Spring Har 
bor Laboratory; the disclosure of which is hereby incorpo 
rated by reference in its entirety). Probes for said isolation of 
mouse GPR50 genomic sequence will be derived from cDNA 
encoding a mouse GPR50 polypeptide, wherein said cDNA 
may be obtained using as template mRNA from mouse heart, 
lung, or adipose tissue. 

In preferred embodiments, this DNA construct also com 
prises a negative selection marker located upstream the nucle 
otide sequence (a) or downstream the nucleotide sequence 
(c). Preferably, the negative selection marker comprises the 
thymidine kinase (tk) gene Thomas et al., Cell (1986) 
44:419-28), the hygromycin beta gene Te Riele et al., Nature 
(1990) 348:649-51), the hprt gene Vander Lugt et al., Gene 
(1991) 105:263-7: Reidet al., Proc Natl AcadSci USA (1990) 
87:4299-4303 or the Diptheria toxin Afragment (Dt-A) gene 
Nada et al., Cell (1993) 73:1125-35; Yagi et al., Proc Natl 
AcadSci USA (1990) 87: 9918-9922), which disclosures are 
hereby incorporated by reference in their entireties. Prefer 
ably, the positive selection marker is located within a mouse 
GPR50 exon sequence so as to interrupt the sequence encod 
ing a mouse GPR50 polypeptide. These replacement vectors 
are described, for example, by Thomas et al., Cell (1986) 
44:419-28; Thomas et al., Cell (1987) 51:503-12: Mansouret 
al., Nature (1988)336:348-52: Kolleret al., Annu Rev Immu 
nol (1992) 10:705-30; and U.S. Pat. No. 5,631,153; which 
disclosures are hereby incorporated by reference in their 
entireties. 
The first and second nucleotide sequences (a) and (c) may 

be indifferently located within a mouse GPR50 regulatory 
sequence, an intronic sequence, an exon sequence or a 
sequence containing both regulatory and/or intronic and/or 
exon sequences. The size of the nucleotide sequences (a) and 
(c) ranges from 1 to 50 kb, preferably from 1 to 10 kb, more 
preferably from 2 to 6 kb, and most preferably from 2 to 4 kb. 

Methods of making a transgenic mouse comprising disrup 
tion in a selected gene are well known to those of ordinary 
skill in the art and have been used to successfully inactivate a 
wide range of genes. 

Rat 
Analogous or alternative see, e.g., Zan et al. Nature Bio 

technology (2003) 21:645-51; the disclosure of which is 
hereby incorporated by reference in its entirety methods may 
be used to make a transgenic rat comprising a disruption in a 
GPR50 gene. 

Pig 
Analogous or alternative methods may be used to make a 

transgenic pig comprising a disruption in a GPR50 gene see, 
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e.g., Lai et al., Science (2002) 295:1089-1092; the disclosure 
of which is hereby incorporated by reference in its entirety. 

Example 11 

Endogenous GPR50 Exhibits Constitutive Activity 
for Decreasing a Level of Intracellular cAMP 

Thyroid-stimulating hormone (TSH, orthyrotropin) recep 
tor (TSHR) causes the accumulation of intracellular cAMP 
on activation by its ligand TSH. An effective technique for 
measuring the decrease in production of cAMP correspond 
ing to activation of a receptor such as GPR50 is to co-transfect 
TSHR with GPR50 and to carry out the assay in the presence 
of TSH to raise the level of basal cAMP, whereby TSHR acts 
as a 'signal window enhancer. Such an approach was used 
here. 
Human HEK293 cells were co-transfected with thyroid 

stimulating hormone (TSH, or thyrotropin) receptor (TSHR) 
and either pCMV vector or a cDNA plasmid encoding endog 
enous GPR50. Transfection was carried out using Lipo 
fectamine (lnvitrogen). Forty-eight hours after transfection, 
the cells were stimulated with various concentrations of nia 
cin and 100 nMTSH (Sigma) for 1 h before whole cell cAMP 
was determined using the Adenylyl Cyclase Flashplate Assay 
kit from Perkin Elmer catalog #:SMP004B), as described 
below. 
The transfected cells were placed into anti-cAMP anti 

body-coated wells that contained 100 nM TSH and either 
niacin at various concentrations or vehicle. All conditions 
were tested in triplicate. After a 1 h incubation at room tem 
perature to allow for stimulation of cAMP, a Detection Mix 
(provided in the PerkinElmer kit) containing 'I-cAMP was 
added to each well and the plate was allowed to incubate for 
another hour at room temperature. The wells were then aspi 
rated to remove unbound 'I-cAMP. Bound 'I-cAMP was 
detected using a Wallac Microbeta Counter. The amount of 
cAMP in each sample was determined by comparison to a 
standard curve, obtained by placing known concentrations of 
cAMP in some wells on the plate. Results are presented in 
FIG 2. 
As shown in FIG. 2, endogenous GPR50 is detectably 

constitutively active, exhibiting constitutive activity for 
decreasing a level of intracellular cAMP. 

Example 12 

Establishment of GPR50-Knockout (“Deficient”) 
Mice 

GPR50-knockout ("deficient’) mice were established as 
described here. 
A targeting vector was generated by inactivating the entire 

exon 2 and flanking intronic sequences and replacing it by a 
neomycin resistant cassette (see, FIG.3A). In FIG.3A, nucle 
otide numbering shown in Small italics represents chromo 
some location according to Mouse Geneview: world wide 
web at ensembl.org/Mus musculus/index.html. 
The targeting vector was inserted into C57B1/6J embry 

onic stem (ES) cells by electroporation. Positive clones were 
isolated and exon 2 deletion was verified by Southern blot. To 
check targeting at the 3' end, Southern blot analysis was 
performed on EcoRV-digested genomic DNA from ES cells 
with a 854-bp DNA fragment (3' external probe' as shown in 
FIG. 3A). Correctly targeted cells demonstrated a ~7.8 kb 
modified band (due to the introduction of an EcoRV site at the 
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5' end of the 3' arm). The 15.9 kb wild-type band was absent 
from targeted clones since GPR50 is X-linked. 

To further verify that the exon 2 sequence had been deleted, 
Southern blot analysis was performed on EcoRI-digested 
genomic ES cells DNA with a 1031 bp DNA fragment (“inter 
nal probe' as shown in FIG. 3A) that contained most of the 
exon 2 sequence. As GPR50 is X-linked, no band was 
detected in correctly targeted clones, whereas a 7.1 kb band 
was detected in wild-type cells. All Southern blots were per 
formed following previously published methods see, e.g., 
Sambrook et al. Molecular Cloning: a Laboratory Manual 
(1989) Second Edition, Cold Spring Harbor, NY: CSH Labo 
ratory Press; the disclosure of which is herein incorporated by 
reference in its entirety. 

Targeted and karyotypically normal ES cells were then 
microinjected into Balb/c I/B and the injected blastocysts 
were transferred into the uteri of surrogate C57B 1/6 mother 
mice. Male chimeras were bred to female C57B1/6J to gen 
erate F1 mice and germline transmission of GPR50 exon 2 
deletion was finer verified by PCR on mouse tail genomic 
DNA. 

Five specific primer sets from different areas of GPR50 
genomic sequence were generated (“it 1' to "#5” as shown in 
FIG. 3A). Primer sequences are shown in Table D below. 
Only primers #3-#5 should be detected in knockout mice, 
whereas all primers except #5 should be detected in wild-type 
mice. Tail were cut from mice and genomic DNA isolated 
using phenol/chloroform extraction according to Sambrook 
et al 1989 (supra). PCR reaction was performed using the 
PCR Supermix from Invitrogen (Carlsbad, Calif.), 200 ng/ul 
of each of the forward and reverse primers and 100-500 ng 
genomic DNA in a reaction volume of 50 ul. The PCR prod 
ucts were run on 1.8% agarose gel to check for the presence or 
absence of the amplified product for each primer pair and and 
to verify the expected size. Results are shown in FIG. 3B. 

Results shown in FIG. 3B confirm that GPR50-knockout 
(“deficient’) mice were established. 

That GPR50-knockout (“deficient’) mice were established 
was also confirmed by in situ hybridization analysis of 
GPR50 expression in hypothalamus. 

TABLE D 

Primer Set Primer Primer Sequence 

E1 Forward Primer TGCCATCAACCGTTACTGCTAC 
Exon 2 (SEQ ID NO: 18) 
(451 bp) Reverse Primer GGGGATCTTGCCTGCCATTT 

(SEQ ID NO: 19) 

E2 Forward Primer GCTCGTGCCTGTGTCGCTGTG 
Exon 2 (SEQ ID NO: 2O) 
(511 bp) Reverse Primer CAAGGCAATGGGAGGCTGAGA 

(SEQ ID NO: 21) 

E3 Forward Primer CATTCGGCTGCATTGGCTGTAA 
Exon 1 (SEQ ID NO: 22) 
(418 bp) Reverse Primer ACTCCGTTCCTGTGGCGACTTC 

(SEQ ID NO: 23) 

E4 Forward Primer GCAGGGTGGGCTCATCTTAGGTAT 
3 Intron (SEQ ID NO: 24) 
(518 bp) Reverse Primer TCTGGGATTTTGGGCTTGATGTGT 

(SEQ ID NO: 25) 

5 Forward Primer GGGCGCCCGGTTCTTTTTG 
Ned (SEQ ID NO: 26) 
Cassette Reverse Primer ACACCCAGCCGGCCACAGTCG 
(515 bp) (SEO ID NO: 27) 
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Example 13 

Body Weight of GPR50-Knockout Mice on High Fat 
Diet or Chow Compared to Wild-Type Mice on High 

Fat Diet 

An effect of GPR50 activity on weight gain induced by a 
high fat diet is shown in FIG. 4. Three groups of 30 week old 
male mice were housed individually and allowed free access 
to water and food. The mice were maintained on a 12 hour 
artificial light/12h dark cycle and kept under constant humid 
ity (70%) and temperature (22°C.) conditions. A first group 
of wild-type C57B1/6J mice (n-6) (“WT in FIG. 4) and a 
second group of GPR50-knockout mice (n=2) (“KO' in FIG. 
4) were allowed free access to high fat diet (“HFD” in FIG.4) 
(D12266B, Research Diet, 31.8% fat/Kcal), while a third 
group of GPR50-knockout mice (n-3) were allowed access to 
chow pellets (“Chow” in FIG. 4) (Teklab 8604, 4.4% fat) for 
15 weeks. 
Body weight is shown in FIG. 4A as meant-SEM. Body 

weight gain as a percentage of initial body weight is shown in 
FIG. 4B as meant-SEM. It is apparent from inspection of FIG. 
4 (for example, comparison of the GPR50-knockout mice on 
the high fat diet with the wild-type C57B1/6J mice on the high 
fat diet) that loss of GPR50 activity in the GPR50-knockout 
mice conferred protection from (that is, decreased) weight 
gain induced by a high fat diet. 
An analogous experiment carried out in 70 wk old male 

GPR50-knockout (“KO) (n-6) and wild-type littermate 
(“WT) (n=6) mice on the high fat diet (D12266B, Research 
Diet, 31.8% fat/Kcal) for three weeks is shown in FIG. 5. 

Example 14 

In Vivo Effects of a GPR50 Inverse Agonist or 
Antagonist on Increased Adiposity Induced by a 

High-Fat Diet in Mice 

An inverse agonist orantagonist of GPR50 can be shown to 
confer protection from increased adiposity induced by a high 
fat diet. Two groups of age- and sex-matched 5-30 week old 
wild-type C57B1/6J mice are housed individually and 
allowed free access to water and food. The mice are main 
tained on a 12 hour artificial light/12 h dark cycle and kept 
under constant humidity (70%) and temperature (22° C.) 
conditions. Mice are allowed free access to high fat diet 
(D12266B, Research Diet, 31.8% fat/Kcal), for aperiod of4 
15 weeks. Over the course of the 4-15 week period, an inverse 
agonist or antagonist of GPR50 having inverse agonist or 
antagonist activity at mouse GPR50 or vehicle alone is 
injected daily into the tail vein. A preferred dose of the GPR50 
inverse agonist or antagonist is 0.1-100 mg/kg. Other pre 
ferred dose is selected from the group consisting of 0.1 
mg/kg, 0.3 mg/kg, 1.0 mg/kg, 3.0 mg/kg, 10 mg/kg, 30 mg/kg 
and 100 mg/kg. 
At the conclusion of the 4-15 week period, the mice are 

euthanized by CO inhalation, and the epididymal and 
inguinal footpads are harvested and weighed as a measure of 
adiposity. The results can demonstrate that the GPR50 inverse 
agonist or antagonist confers protection from (that is, 
decreases) the increased adiposity (increased weight of the 
epididymal and inguinal footpads) induced by a high fat diet. 

It is expressly contemplated that the GPR50 inverse ago 
nist orantagonist can be a selective GPR50 inverse agonist or 
antagonist. It is expressly contemplated that a high fat diet 
having less or more than 31.8% fat/Kcal can be used. It is 
expressly contemplated that administration of the inverse 
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agonist or antagonist can be other than intravenous, for 
example that administration of the inverse agonist or antago 
nist can be intraperitoneal or oral. It is expressly contem 
plated that mice younger than 5 weeks or older than 30 weeks 
can be used. It is expressly contemplated that the period of 
injection can be less than 4 weeks or longer than 15 weeks. It 
is expressly contemplated that a non-human mammal other 
than mouse can be used, for example rat. 

Example 15 

In Vivo Effects of a GPR50 Inverse Agonist or 
Antagonist on Increased Percentage Body Fat 

Induced by a High-Fat Diet in Mice 

An inverse agonist or antagonist of GPR50 can be shown to 
confer protection from increased percentage body fat induced 
by a high fat diet. Two groups of age- and sex-matched 5-30 
week old wild-type C57B1/6J mice are housed individually 
and allowed free access to water and food. The mice are 
maintained on a 12 hour artificial light/12 h dark cycle and 
kept under constant humidity (70%) and temperature (22°C.) 
conditions. Mice are allowed free access to high fat diet 
(D12266B, Research Diet, 31.8% fat/Kcal), for a period of 
4-15 weeks. Over the course of the 4-15 week period, an 
inverse agonist or antagonist of GPR50 having inverse ago 
nist orantagonist activity at mouse GPR50 or vehicle alone is 
injected daily into the tail vein. A preferred dose of the GPR50 
inverse agonist or antagonist is 0.1-100 mg/kg. Other pre 
ferred dose is selected from the group consisting of 0.1 
mg/kg, 0.3 mg/kg, 1.0 mg/kg, 3.0 mg/kg, 10 mg/kg, 30 mg/kg 
and 100 mg/kg. 

At the conclusion of the 4-15 week period, the mice are 
euthanized by CO inhalation and percentage body fat is 
evaluated by determining body composition by densitometry 
using Dual energy X-ray absorptiometry (DEXA) (Lunar 
PIXImus, Lunar PIXImus Corp., Madison, Wis.). The data 
are analyzed using Lunar PIXImus 2.2.0 software according 
to the manufacturers instructions. The results can demon 
strate that the GPR50 inverse agonist or antagonist confers 
protection from (that is, decreases) the increased percentage 
body fat induced by a high fat diet. 

It is expressly contemplated that the GPR50 inverse ago 
nist orantagonist can be a selective GPR50 inverse agonist or 
antagonist. It is expressly contemplated that a high fat diet 
having less or more than 31.8% fat/Kcal can be used. It is 
expressly contemplated that administration of the inverse 
agonist or antagonist can be other than intravenous, for 
example that administration of the inverse agonist or antago 
nist can be intraperitoneal or oral. It is expressly contem 
plated that mice younger than 5 weeks or older than 30 weeks 
can be used. It is expressly contemplated that the period of 
injection can be less than 4 weeks or longer than 15 weeks. It 
is expressly contemplated that a non-human mammal other 
than mouse can be used, for example rat. 

Example 16 

In Vivo Effects of a GPR50 Inverse Agonist or 
Antagonist on Weight Gain Induced by a High-Fat 

Diet in Mice 

An inverse agonist or antagonist of GPR50 can be shown to 
confer protection from weight gain induced by a high fat diet. 
Two groups of age- and sex-matched 5-30 week old wild-type 
C57B1/6J mice are housed individually and allowed free 
access to water and food. The mice are maintained on a 12 
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hour artificial light/12 h dark cycle and kept under constant 
humidity (70%) and temperature (22°C.) conditions. Mice 
are allowed free access to high fat diet (D12266B, Research 
Diet, 31.8% fat/Kcal), for a period of 4-15 weeks. Over the 
course of the 4-15 week period, an inverse agonist orantago 
nist of GPR50 having inverse agonist or antagonist activity at 
mouse GPR50 or vehicle alone is injected daily into the tail 
vein. A preferred dose of the GPR50 inverse agonist or 
antagonist is 0.1-100 mg/kg. Other preferred dose is selected 
from the group consisting of 0.1 mg/kg, 0.3 mg/kg, 1.0 
mg/kg, 3.0 mg/kg, 10 mg/kg, 30 mg/kg and 100 mg/kg. 
At weekly intervals over the course of the 4-15 week 

period, the mice are weighed. The results can demonstrate 
that the GPR50 inverse agonist or antagonist confers protec 
tion from (that is, decreases) weight gain induced by a high fat 
diet. 

It is expressly contemplated that the GPR50 inverse ago 
nist orantagonist can be a selective GPR50 inverse agonist or 
antagonist. It is expressly contemplated that a high fat diet 
having less or more than 31.8% fat/Kcal can be used. It is 
expressly contemplated that administration of the inverse 
agonist or antagonist can be other than intravenous, for 
example that administration of the inverse agonist or antago 
nist can be intraperitoneal or oral. It is expressly contem 
plated that mice younger than 5 weeks or older than 30 weeks 
can be used. It is expressly contemplated that the period of 
injection can be less than 4 weeks or longer than 15 weeks. It 
is expressly contemplated that a non-human mammal other 
than mouse can be used, for example rat. 

Example 17 

Analysis of Co-Expression of GPR50 by NPY 
Neurons in the Central Part of the Dorsomedial 
Nucleus of the Hypothalamus (DMHc) in Rat 

Co-expression of GPR50 by neuropeptide-Y (NPY) neu 
rons in the central part of the dorsomedial nucleus of the 
hypothalamus (DMHc) in rat was investigated by in situ 
hybridization, using radiolabeled antisense probe for GPR50 
in combination with a digoxigenin (Dig)-labeled antisense 
probe for NPY. Rat GPR50 probe corresponding to nucle 
otides 397 to 918 of SEQ ID NO: 7 was inserted into pBS 
vector (Stratagene, La Jolla, Calif.). Rat NPY probe corre 
sponding to rat NPY cDNA sequence (511 nucleotides) span 
ning the coding sequence (see, e.g., GenBank R. Accession 
No. NM 012614) was inserted into pBS vector (Stratagene). 
In situ hybridization was carried out essentially as described 
below. 

Rats were killed by rapid decapitation 1-2 h after initiation 
of the light cycle. Brains were removed, frozen in isopentane 
(-40°C.), and stored at -80° C. Serial 12-um sections from 
the central part of the dorsomedial nucleus of the hypothala 
mus (DMHc) were prepared on a cryostat, thaw-mounted 
onto polylysine-subbed slides, and stored at -80° C. until 
processing. 

Sense and antisense P radiolabeled probes were gener 
ated by in vitro transcription by incubating linearized plas 
mids in transcription buffer containing RNasin (40 units), 
DYT (2 mM), ATP, CTP and GTP (0.33 mM), Io-P-UTP 
(PerkinElmer, 50 uCi, NEG307 HO01MC) and the appropri 
ate polymerase (T750 units or T3 20 units). Probes were 
DNase treated, purified by ethanol precipitation and resus 
pend in 2x hybridization buffer (8xSET, 2xDenhardt's, 0.4% 
SDS, 200 mM dithiothreitol (DTT), 500 ug/ml tRNA, 50 
ug/ml polyA, 50 ug/ml polyC). 
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Antisense digoxigenin labeled probes were generated by in 
vitro transcription by incubating linearized plasmids in tran 
scription buffer containing RNasin (40 units), DTT (2 mM), 
nucleotide mix containing digoxigenin labeled UTP (rNTP 
digoxigenin RNA labeling mix, Roche #1277073) and the 
appropriate polymerase (T750 units or T3 20 units). Probes 
were DNase treated and cleaned up through a centrisep col 
umn (Princeton Separations, #CS-901). 

Tissue sections were removed from the freezer and allow to 
air dry for 15 min. Sections were subsequently fixed in 4% 
paraformaldehyde in phosphate buffer (0.1 M, pH 7.4) for 30 
minat room temperature, rinsed 3 times in 1xEBS, and acety 
lated in 0.1M triethanolamine (TEA), pH 8.0 for 2 min then 
briefly in the same buffer containing 0.25% acetic anhydride. 
Slides were then rinsed for 5 minutes in 1xpBS and then 
dehydrated through graded alcohol concentrations and air 
dried. Radiolabeled probes were diluted in 2x hybridization 
buffer to yield an approximate concentration of 16x10 cpm 
per slide. Salmon sperm was added at a final concentration of 
20ug/slide and digoxigenin labeled probe was added to a final 
concentration of 500 ng/slide. Dextran sulfate/Formamide 
(20%) was added to give a 1:1 ratio with 2x hybridization 
buffer. Diluted probe was placed on slides, coverslipped and 
were incubated at 55° C. for 16-18 hours in plastic trays 
humidified with 1xPBS. Coverslips were floated off with 1 
mM DTT/4xSSC (600 nM sodium chloride and 60 mM 
Sodium citrate, pH 7.2) and sections were Subsequently 
washed once in 4xSSC for 10 min, incubated in ribonuclease 
A (200 ug/ml) for 60 min in a 37°C. water bath, then rinsed 
in 2x, 1x, and 0.5xSSC for 5 minutes each. Sections were 
washed to a final stringency of 0.1xSSC at 65° C. for 1 hour, 
then washed twice in 0.1XSSC then washed in TN (100 mM 
Tris, pH 7.5, 150 mMNaCl) for 5 minutes. Sections were then 
placed in 0.5% Casein/TN blocking solution for 30 minutes 
then incubated for 2 hours with anti-digoxigenin-AP anti 
body (Roche, #1093274) diluted 1:300 in 0.5% Casein/TN 
solution. Sections were then washed 3 times, 2 minutes each 
in TN and then 3 times 5 minutes each in TNM (100 mM Tris, 
pH 9.5, 100 mM NaCl, 50 mM MgCl). After the last wash, 
sections were incubated in color reaction (0.2 mg/ml levami 
sole, 3.4 ul/ml NBT (Roche #1383213), 3.5 ul/ml BCIP 
(Roche #1383221) in TNM and 0.22 u sterile filtered) for 
20-30 minutes and reaction stopped in TE for 30 minutes. 
Antibody was striped off by incubating sections in 0.1M 
glycine and 0.5% triton-X 100 for 10 minutes and washed in 
water. Sections were fixed in 2.5% glutaraldehyde for 1-2 
hours and washed with water then air dried. Once section 
dried, they were exposed to X-ray sensitive film (Bio-Max, 
Kodak, Eastman Kodak Co., Rochester, N.Y.) for 2-7 days 
and dipped in photographic emulsion (Ilford Scientific K.5D 
Emulsion in gel form from Polysciences, #17537) dried and 
stored in slides box with desiccant at 4° C. for 4-8 weeks 
depending on the level of expression. After development of 
dipped slides following manufacturer recommendations 
(Kodak D19), sections were washed extensively in water and 
air dried then mounted with coverslips for microscopic 
examination. 

Images of the distribution of GPR50 and NPY mRNA 
containing cells were obtained using an Olympus BX51 
microscope connected to a videocamera (NTSC 750CE) 
using Stereoinvestigator R V6.55.2 software (Microbright 
field, Vt.). Nonradioactive riboprobes were visualized under 
brightfield as a purple precipitate, and radioactive probes 
were visualized under darkfield by silver grain distribution. 
A representative photomicrographic image illustrating the 

expression of GPR50 and NPY in the central part of the 
dorsomedial nucleus of the hypothalamus (DMHc) in rat is 
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90 
presented in FIG. 6A. Note the presence of neurons express 
ing only GPR50 (open arrowhead), neurons expressing only 
NPY (solid arrowhead), and neurons co-expressing GPR50 
and NPY (arrow). 
The percentage of NPY neurons in rat DMHc co-express 

ing GPR50 (“double GPR50/NPY) was estimated by analy 
sis of tissue sections from each of two rats, as shown in FIG. 
6B. For each rat, analysis was carried out on two consecutive 
sections a and b at position 1 and on two consecutive sections 
a and b at position 2, with position 1 and position 2 being 
separated by 120 microns. The percentage of NPY neurons 
co-expressing GPR50 was taken as the average:SEM of the 
percentages for the individual slides and was determined to be 
54.3+2.8, as set forth in FIG. 6B. 

Example 18 

Yeast Reporter Assay for GPR50 Modulator (e.g., 
Inverse Agonist or Antagonist) Activity 

The yeast cell-based reporter assays have previously been 
described in the literature (e.g., see Miret et al., J Biol Chem 
(2002) 277:6881-6887: Campbell et al, Bioorg Med Chem 
Lett (1999) 9:2413-2418; King etal, Science (1990) 250: 121 
123; WO99/14344; WO 00/12704; and U.S. Pat. No. 6,100, 
042). Briefly, yeast cells have been engineered such that the 
endogenous yeast G-alpha (GPA1) has been deleted and 
replaced with G-protein chimeras constructed using multiple 
techniques. Additionally, the endogenous yeast alpha-cell 
GPCR, Ste3 has been deleted to allow for a homologous 
expression of a mammalian GPCR of choice. In the yeast, 
elements of the pheromone signaling transduction pathway, 
which are conserved in eukaryotic cells (for example, the 
mitogen-activated protein kinase pathway), drive the expres 
sion of Fus 1. By placing B-galactosidase (LacZ) under the 
control of the Fus 1 promoter (Fus 1p), a system has been 
developed whereby receptor activation leads to an enzymatic 
readout. 

Yeast cells are transformed by an adaptation of the lithium 
acetate method described by Agatepetal (Agatepetal, 1998, 
Transformation of Saccharomyces cerevisiae by the lithium 
acetate/single-stranded carrier DNA/polyethylene glycol 
(LiAc/ss-DNA/PEG) protocol. Technical Tips Online, 
Trends Journals, Elsevier). Briefly, yeast cells are grown 
overnight on yeast tryptone plates (YT). Carrier single 
stranded DNA (10 ug), 2 g of each of two Fus1p-Lacz 
reporter plasmids (one with URA selection marker and one 
with TRP), 2 ug of GPR50 (e.g., human receptor) in yeast 
expression vector (2 Lig origin of replication) and a lithium 
acetate/polyethylene glycol/TE buffer is pipetted into an 
Eppendorf tube. The yeast expression plasmid containing the 
receptor/no receptor control has a LEU marker. Yeast cells are 
inoculated into this mixture and the reaction proceeds at 30° 
C. for 60 min. The yeast cells are then heat-shocked at 42°C. 
for 15 min. The cells are then washed and spread on selection 
plates. The selection plates are synthetic defined yeast media 
minus LEU, URA and TRP (SD-LUT). After incubating at 
30° C. for 2-3 days, colonies that grow on the selection plates 
are then tested in the Lac Zassay. 

In order to perform fluorimetric enzyme assays for B-ga 
lactosidase, yeast cells carrying the subject GPR50 receptor 
are grown overnight in liquid SD-LUT medium to an unsat 
urated concentration (i.e. the cells are still dividing and have 
not yet reached stationary phase). They are diluted in fresh 
medium to an optimal assay concentration and 90 ul of yeast 
cells are added to 96-well black polystyrene plates (Costar). 
Test compounds, dissolved in DMSO and diluted in a 10% 
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DMSO solution to 10x concentration, are added to the plates 
and the plates placed at 30° C. for 4 h. After 4h, the substrate 
for the B-galactosidase is added to each well. In these experi 
ments, Fluorescein di(B-D-galactopyranoside) is used 
(FDG), a substrate for the enzyme that releases fluorescein, 
allowing a fluorimetric read-out. 20 ul per well of 500 LM 
FDG/2.5% Triton X100 is added (the detergent is necessary 
to render the cells permeable). After incubation of the cells 
with the substrate for 60 min, 20 Jul per well of 1M sodium 
carbonate is added to terminate the reaction and enhance the 
fluorescent signal. The plates are then read in a fluorimeter at 
485/535 nm. 
A decrease in fluorescent signal in GPR50-transformed 

yeast cells over that in yeast cells transformed with empty 
vectoris indicative of a test compound being a compound that 
inhibits GPR50 receptor functionality (e.g., a compound that 
is an inverse agonist or antagonist of GPR50). In certain 
embodiments, compounds of the invention give a decrease in 
fluorescent signal below that of the background signal (the 
signal obtained in the presence of vehicle alone). 
An increase in fluorescent signal in GPR50-transformed 

yeast cells over that in yeast cells transformed with empty 
vectoris indicative of a test compound being a compound that 
stimulates GPR50 receptor functionality (e.g., a compound 
that is an agonist or partial agonist of GPR50). In certain 
embodiments, compounds of the invention give an increase in 
fluorescent signal above that of the background signal (the 
signal obtained in the presence of vehicle alone). 

Example 19 

Receptor Binding Assay 

A test compound can be evaluated for its ability to reduce 
formation of the complex 35 between a compound known to 
be a ligand of a G protein-coupled receptor of the invention 
and the receptor. In certain embodiments, the known ligand is 
radiolabeled. The radiolabeled known ligand can be used in a 
screening assay to identify/evaluate compounds. In general 
terms, a newly synthesized or identified compound (i.e., test 
compound) can be evaluated for its ability to reduce binding 
of the radiolabeled known ligand to the receptor, by its ability 
to reduce formation of the complex between the radiolabeled 
known ligand and the receptor. 

In other aspect, a test compound can be radiolabeled and 
shown to be a ligand of a subject GPCR of the invention by 
evaluating its ability to bind to a cell comprising the Subject 
GPCR or to membrane comprising the subject GPCR. 
A level of specific binding of the radiolabled known ligand 

in the presence of the test compound less than a level of 
specific binding of the radiolabeled known ligand in the 
absence of the test compound is indicative of less of the 
complex between said radiolabeled known ligand and said 
receptor being formed in the presence of the test compound 
than in the absence of the test compound. 

Assay Protocol for Detecting the Complex Between a 
Compound Known to be a Ligand of a G Protein-Coupled 
Receptor of the Invention and the Receptor 

A. Preparation of the Receptor 
293 cells are transiently transfected with 10 ug expression 

vector comprising a polynucleotide encoding a G protein 
coupled receptor of the invention using 60 ul Lipofectamine 
(per 15-cm dish). The transiently transfected cells are grown 
in the dish for 24 hours (75% confluency) with a media 
change and removed with 10 ml/dish of Hepes-EDTA buffer 
(20 mM Hepes+10 nM EDTA, pH 7.4). The cells are then 
centrifuged in a Beckman Coulter centrifuge for 20 minutes, 
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17,000 rpm (JA-25.50 rotor). Subsequently, the pellet is 
resuspended in 20 mM Hepes+1 mM EDTA, pH 7.4 and 
homogenized with a 50-ml Dounce homogenizer and again 
centrifuged. After removing the Supernatant, the pellets are 
stored at -80°C., until used in binding assay. When used in 
the assay, membranes are thawed on ice for 20 minutes and 
then 10 mL of incubation buffer (20 mM Hepes, 1 mM 
MgCl, 100 mM NaCl, pH 7.4) added. The membranes are 
then vortexed to resuspend the crude membrane pellet and 
homogenized with a Brinkmann PT-3100 Polytron homog 
enizer for 15 seconds at setting 6. The concentration of mem 
brane protein is determined using the BRL Bradford protein 
assay. 

B. Binding Assay 
For total binding, a total volume of 50 ul of appropriately 

diluted membranes (diluted in assay buffer containing 50 mM 
Tris HCl (pH 7.4), 10 mMMgCl, and 1 mM EDTA; 5-50 ug 
protein) is added to 96-well polypropylene microtiter plates 
followed by addition of 100 ul of assay buffer and 50 ul of a 
radiolabeled known ligand. For nonspecific binding, 50 ul of 
assay buffer is added instead of 100 uland an additional 50 ul 
of 10 uM said known ligand which is not radiolabeled is 
added before 50 ul of said radiolabeled known ligand is 
added. Plates are then incubated at room temperature for 
60-120 minutes. The binding reaction is terminated by filter 
ing assay plates through a Microplate Devices GF/C Unifilter 
filtration plate with a Brandell 96-well plate harvestor fol 
lowed by washing with cold 50 mM Tris HCl, pH 7.4 con 
taining 0.9% NaCl. Then, the bottom of the filtration plate are 
sealed, 50ul of Optiphase Supermix is added to each well, the 
top of the plates are sealed, and plates are counted in a Trilux 
MicroBeta scintillation counter. For determining whether 
less of the complex between said radiolabeled known ligand 
and said receptor is formed in the presence of a test com 
pound, instead of adding 100 ul of assay buffer, 100 ul of 
appropriately diluted said test compound is added to appro 
priate wells followed by addition of 50 ul of said radiolabled 
known ligand. 

Example 20 

Analysis of the Effect of Food Restriction on the 
Expression of GPR50 in the Central Part of the 

Dorsomedial Nucleus of the Hypothalamus (DMHc) 
in Rat 

The effect of food restriction on the expression of GPR50 
in the central part of the dorsomedial nucleus of the hypo 
thalamus (DMHc) in rat was determined by in situ hybridiza 
tion. The effect of food restriction on the expression of neu 
ropeptide-Y (NPY), an orexigenic molecule, was also 
determined. Tissue sections of the DMHc were prepared 
essentially as described Supra in Example 17, as was in situ 
hybridization carried out using P radiolabeled antisense 
probe. 

Twenty week old male Sprague Dawley rats were divided 
into two groups of seven rats each, housed in cages singly. 
One group, the ad libitum fed group, was provided an unre 
stricted amount of food (Teklab 8604, 4.4% fat) each day over 
a period of twelve days. A second group, the food-restricted 
group, was provided 16 g of the same food each day (70% of 
the average daily food intake of the rats under ad libitum 
conditions) over the same twelve day period. Food was pro 
vided in the morning. The amount of food intake in the rats 
during the previous 24 hour period also was determined in the 
morning. The weight of the rats also was determined in the 
morning. The food intake in the ad libitum fed and in the 
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food-restricted rats is shown in the upper panel of FIG. 7A. 
The percentage of original body weight in the rats (that is, the 
body weight of the rat expressed as the percentage of its body 
weight at the initiation of the experiment, Day 0) is shown in 

94 
GPR50. From inspection of FIG. 7B, it is apparent that food 
restriction led to marked up-regulation of GPR50 expression 
in the DMHc. 
The relative levels of GPR50 mRNA expression in the 

the lower panel of FIG. 7A. From inspection of FIG. 7A, it is 5 DMHc for the ad libitum fed and food-restricted groups as 
apparent that food restriction evidenced as declining body evidenced by the in situ hybridization were determined using 
weight in the food-restricted rats. Scion Image Version 1.63 analysis of autoradiogram optical 

At the end of the twelve day period, the rats were sacrificed. density, and the results are presented in the lower panel of 
Tissue sections of the DMHc were prepared and subjected to FIG.7C. The relative levels of NPY mRNA expression in the 
in situ hybridization with Pradiolabeled GPR50 antisense 10 DMHc were likewise determined for the ad libitum fed and 
robe or with Pradiolabeled NPY antisense probe. Sense food-restricted groups, and the results are presented in the s 

probe was used as a specificity control. Bound radioactive upper panel of FIG. 7C. From inspection of FIG. 7C, it is 
probe was visualized under darkfield by silver grain distribu- apparent that food restriction led to marked up-regulation of 
tion. Representative photomicrographic images from two dif- GPR50 expression in the DMHc and that this up-regulated 
ferent rats in the ad libitum fed group and from two different 15 GPR50 expression was associated in the DMHc with up 
rats in the food-restricted group are shown in FIG. 7B for regulated expression of NPY. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 27 

<21 Os SEQ ID NO 1 
&211s LENGTH: 1854 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

atggggg cca cc ctagoggt toccaccCCC tatggctgta ttggctgtaa gCtaccc.cag 60 

ccagaat acc caccc.gct ct aatcatctitt atgttctg.cg cqatiggittat caccatcgtt 12O 

gtag acctaa toggcaactic catggit catt ttggctgttga Caagaacaa gaagct Cogg 18O 

aattctggca acatctt.cgt ggit cagt ct c totgtggc.cg atatgctggit ggc.cat ctac 24 O 

ccataccctt tatgctgca to catgtcc attgggggct gggatctgag ccagttacag 3 OO 

tgccagatgg togggttcat cacagggctg agtgtggtcg gctic catctt Caac atcgtg 360 

gcaatcqcta toaac cotta citgctacat c tigccacagoc to cagtacga acggat ctitc 42O 

agtgtgcgca atacctgcat ctacctggit c at cacctgga to atgaccot cotggctgtc 48O 

ctgcc caa.ca totacattgg caccatcgag tacgatcctic go acct acac ct gcatctitc 54 O 

aactatotga acaac cctdt citt cactgtt accatcgt.ct gcatcc actt cqtcct coct 6 OO 

ctic ct catcg tdggtttctg ctacgtgagg atctggacca aagtgctggc ggc.ccgtgac 660 

cctgcagggc agaatcc tiga calaccaactt gctgaggttc goaattittct aaccatgttt 72O 

gtgat ct tcc to ct ctittgc agtgtgctgg togcc citatca acgtgct cac tdtcttggtg 78O 

gctgtcagtic caaggagat ggcaggcaag at CC cca act ggctittatct tcagoctac 84 O 

tt catagcct acttcaa.cag ctgcct caac gotgtgatct acgggcticct caatgagaat 9 OO 

titc.cgaagag aatactggac catct tccat gctatogcggc acccitat cat attcttct ct 96.O 

ggcct catca gtgat attcg tagatgcag gaggc.ccgta CCCtggc.ccg cgc.ccgtgcc 102O 

catgctcgcg accaa.gctcg tdaacaaga C cqtgcc catg cctgtc.ctgc tigtggaggaa 108O 

accc.cgatga atgtc.cggala tottcCatta cctggtgatg Ctgcagctgg ccaccc.cgac 114 O 

cgtgcct ctd gccaccctaa gocccattcc agat cotcct ctdcct atcg caaatctgcc 12 OO 

totacccacc acaagtctgt ctittagccac to caaggct g cct citggtca cct caa.gc.ct 1260 

gtc.tctggcc acticcaa.gcc togcct ctdgt caccc.caagt ctdccactgt ct accctaag 132O 

cct gcct ctd to catttcaa ggctgactict gtc.catttca agggtgactic tdtc catttic 138O 

aagcc tact ctdtt cattt caagcctgct tccagdalacc ccaag.cccat cactggccac 144 O 



cacgt.ctctg. Ctggcagc.ca 

cccaccactg gccacatcaa 

cc caagcc td c cactaccag 

gcct co catt gcc.ccgagat 

Cctgagtcgg cct ctago Cc 

tctgacacca togctgacct 

Catgatgtcg tdgttgttga 

&21. Os SE 
<211s LE 
&212s. TY 
&213s OR 
&22 Os. FE 

& 4 OOs SE 

Met 
1. 

Wall 

Ile 
65 

Pro 

Ser 

Wall 

Thir 
145 

Lell 

Thir 

Wall 

Wall 

Asn 

225 

Gly 

Luell 

Ala 

Ile 
SO 

Phe 

Glin 

Gly 

Ile 
13 O 

Pro 

Arg 
21 O 

Pro 

Q ID NO 2 
NGTH: 617 
PE: PRT 

95 

ctic caagt ct 

gcc agctacc 

ccaccctaag 

tcc tigccatt 

tgcc.gctggg 

tcc tigacic ct 

tgttgaagat 

GANISM: Homo sapiens 
ATURE: 

CATION: 493 
HER INFORMATION: 
ATURE: 

CATION: 532 

ATURE: 

CATION: 606 

QUENCE: 2 

HER INFORMATION: 

HER INFORMATION: 

NAME/KEY: VARIANT 

NAME/KEY: VARIANT 

NAME/KEY: VARIANT 

Pro Thir Lieu. Ala Wall Pro 

Pro Gln Pro Glu Tyr Pro 

Met Wall Ile Thir Ile Wall 
35 4 O 

Lieu Ala Val Thir Lys Asn 
55 

Wall Wal Ser Lieu. Ser Wall 
70 

Pro Lieu Met Lieu. His Ala 
85 

Leu Gln Cys Gln Met Val 

Ser Ile Phe Asn. Ile Wall 
115 12 O 

Cys His Ser Leu Gln Tyr 
135 

Ile Tyr Lieu Val Ile Thr 
150 

Asn Met Tyr Ile Gly Thr 
1.65 

Ile Phe Asn Tyr Lieu. Asn 
18O 

Ile His Phe Wall Leu Pro 
195 

Ile Trp Thr Lys Val Lieu. 
215 

Asp Asn Gln Lieu Ala Glu 
23 O 

gcc tt cagtg 

agc catgctg 

cc cactgctg 

gcc caccctg 

cccaccaagc 

actgtag toa 

gatcctgatg 

Thr Pro Tyr 
1O 

Pro Ala Lieu 
25 

Val Asp Lieu. 

Llys Llys Lieu. 

Ala Asp Met 

Met Ser Ile 
90 

Gly Phe Ile 
105 

Ala Ile Ala 

Glu Arg Ile 

Trp Ile Met 
155 

Ile Glu Tyr 
17O 

Asn. Pro Wall 
185 

Lieu. Lieu. Ile 

Ala Ala Arg 

Val Arg Asn 
235 
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ctgccaccag ccaccctaaa 

agcccaccac togctgacitat 

ctgacaa.ccc tdagct citct 

tgtctgacga cagtgacct C 

Ctgctgc.cag C cagctggag 

ctaccagtac caatgattac 

aaatggctgt gtga 

Polymorphic amino acid 

Polymorphic amino acid 

Polymorphic amino acid 

Gly 

Ile 

Ile 

Arg 
6 O 

Lell 

Gly 

Thir 

Ile 

Phe 
14 O 

Thir 

Asp 

Phe 

Wall 

Asp 

Phe 

Ser 

Thir 

Wall 

Ile 

Gly 
45 

Asn 

Wall 

Gly 

Gly 

Asn 
125 

Ser 

Wall 

Pro 

Thir 

Gly 

Pro 

Lell 

or Asn 

or Ala 

or Ile 

Ile Gly Cys 
15 

Phe Met Phe 
3O 

As Ser Met 

Ser Gly Asn 

Ala Ile Tyr 
8O 

Trp Asp Lieu. 
95 

Lieu. Ser Wall 
11 O 

Arg Tyr Cys 

Val Arg Asn 

Lieu Ala Wall 
160 

Arg Thr Tyr 
17s 

Wall. Thir Ile 
19 O 

Phe Cys Tyr 

Ala Gly Glin 

Thir Met Phe 
24 O 

15OO 

1560 

162O 

168O 

1740 

18OO 

1854 

96 
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Val Ile Phe Leu Lleu Phe Ala Val Cys Trp Cys Pro Ile Asin Val Lieu. 
245 250 255 

Thr Val Lieu Val Ala Val Ser Pro Lys Glu Met Ala Gly Lys Ile Pro 
26 O 265 27 O 

Asn Trp Leu Tyr Lieu Ala Ala Tyr Phe Ile Ala Tyr Phe Asin Ser Cys 
27s 28O 285 

Lieu. Asn Ala Val Ile Tyr Gly Lieu. Lieu. Asn. Glu Asn. Phe Arg Arg Glu 
29 O 295 3 OO 

Tyr Trp Thir Ile Phe His Ala Met Arg His Pro Ile Ile Phe Phe Ser 
3. OS 310 315 32O 

Gly Lieu. Ile Ser Asp Ile Arg Glu Met Glin Glu Ala Arg Thr Lieu Ala 
3.25 330 335 

Arg Ala Arg Ala His Ala Arg Asp Glin Ala Arg Glu Glin Asp Arg Ala 
34 O 345 35. O 

His Ala Cys Pro Ala Val Glu Glu Thr Pro Met Asn Val Arg Asin Val 
355 360 365 

Pro Lieu Pro Gly Asp Ala Ala Ala Gly His Pro Asp Arg Ala Ser Gly 
37 O 375 38O 

His Pro Llys Pro His Ser Arg Ser Ser Ser Ala Tyr Arg Llys Ser Ala 
385 390 395 4 OO 

Ser Thr His His Lys Ser Val Phe Ser His Ser Lys Ala Ala Ser Gly 
4 OS 41O 415 

His Leu Lys Pro Val Ser Gly His Ser Llys Pro Ala Ser Gly His Pro 
42O 425 43 O 

Lys Ser Ala Thr Val Tyr Pro Llys Pro Ala Ser Val His Phe Lys Ala 
435 44 O 445 

Asp Ser Val His Phe Lys Gly Asp Ser Val His Phe Llys Pro Asp Ser 
450 45.5 460 

Val His Phe Llys Pro Ala Ser Ser Asn Pro Llys Pro Ile Thr Gly His 
465 470 47s 48O 

His Val Ser Ala Gly Ser His Ser Lys Ser Ala Phe Ser Ala Ala Thr 
485 490 495 

Ser His Pro Llys Pro Thir Thr Gly His Ile Llys Pro Ala Thr Ser His 
SOO 505 51O 

Ala Glu Pro Thr Thr Ala Asp Tyr Pro Llys Pro Ala Thr Thr Ser His 
515 52O 525 

Pro Llys Pro Thir Ala Ala Asp Asin Pro Glu Lieu. Ser Ala Ser His Cys 
53 O 535 54 O 

Pro Glu Ile Pro Ala Ile Ala His Pro Val Ser Asp Asp Ser Asp Lieu. 
5.45 550 555 560 

Pro Glu Ser Ala Ser Ser Pro Ala Ala Gly Pro Thr Lys Pro Ala Ala 
565 st O sts 

Ser Glin Lieu. Glu Ser Asp Thir Ile Ala Asp Lieu Pro Asp Pro Thr Val 
58O 585 59 O 

Val Thir Thr Ser Thr Asn Asp Tyr His Asp Val Val Val Val Asp Val 
595 6OO 605 

Glu Asp Asp Pro Asp Glu Met Ala Val 
610 615 

<210s, SEQ ID NO 3 
&211s LENGTH: 1842 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 3 
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<4 OOs, SEQUENCE: 4 

Met Gly Pro Thr Lieu Ala Val Pro Thr Pro Tyr Gly Cys Ile Gly 
1. 5 1O 15 

Lys Lieu Pro Gln Pro Glu Tyr Pro Pro Ala Lieu. Ile Ile Phe Met 
2O 25 3O 

Cys Ala Met Val Ile Thir Ile Val Val Asp Lieu. Ile Gly Asn. Ser 
35 4 O 45 

Val Ile Lieu Ala Val Thir Lys Asn Llys Llys Lieu. Arg Asn. Ser Gly 
SO 55 6 O 

Ile Phe Val Val Ser Lieu. Ser Val Ala Asp Met Lieu Val Ala Ile 
65 70 7s 

Pro Tyr Pro Leu Met Lieu. His Ala Met Ser Ile Gly Gly Trp Asp 
85 90 95 

Ser Gln Leu Gln Cys Gln Met Val Gly Phe Ile Thr Gly Lieu. Ser 
1OO 105 11 O 

Val Gly Ser Ile Phe Asn. Ile Val Ala Ile Ala Ile Asn Arg Tyr 
115 12 O 125 

Tyr Ile Cys His Ser Leu Gln Tyr Glu Arg Ile Phe Ser Val Arg 
13 O 135 14 O 

Thr Cys Ile Tyr Lieu Val Ile Thr Trp Ile Met Thr Val Leu Ala 
145 150 155 

Lieu Pro Asn Met Tyr Ile Gly Thr Ile Glu Tyr Asp Pro Arg Thr 
1.65 17O 17s 

Thr Cys Ile Phe Asn Tyr Lieu. Asn Asn Pro Val Phe Thr Val Thr 
18O 185 19 O 

Val Cys Ile His Phe Val Lieu Pro Leu Lieu. Ile Val Gly Phe Cys 
195 2OO 2O5 

Val Arg Ile Trp Thr Llys Val Lieu Ala Ala Arg Asp Pro Ala Gly 
21 O 215 22O 

Asn Pro Asp Asn Gln Lieu Ala Glu Val Arg Asn. Phe Lieu. Thir Met 
225 23 O 235 

Val Ile Phe Leu Lleu Phe Ala Val Cys Trp Cys Pro Ile Asin Val 
245 250 255 

Thr Val Lieu Val Ala Val Ser Pro Lys Glu Met Ala Gly Lys Ile 
26 O 265 27 O 

Asn Trp Lieu. Tyr Lieu Ala Ala Tyr Phe Ile Ala Tyr Phe Asn. Ser 
27s 28O 285 

Lieu. Asn Ala Val Ile Tyr Gly Lieu. Lieu. Asn. Glu Asn. Phe Arg Arg 
29 O 295 3 OO 

Tyr Trp Thir Ile Phe His Ala Met Arg His Pro Ile Ile Phe Phe 
3. OS 310 315 

Gly Lieu. Ile Ser Asp Ile Arg Glu Met Glin Glu Ala Arg Thr Lieu. 
3.25 330 335 

Arg Ala Arg Ala His Ala Arg Asp Glin Ala Arg Glu Glin Asp Arg 
34 O 345 35. O 

His Ala Cys Pro Ala Val Glu Glu Thr Pro Met Asn Val Arg Asn 
355 360 365 

Pro Lieu Pro Gly Asp Ala Ala Ala Gly His Pro Asp Arg Ala Ser 
37 O 375 38O 

His Pro Llys Pro His Ser Arg Ser Ser Ser Ala Tyr Arg Llys Ser 
385 390 395 

Ser Thr His His Lys Ser Val Phe Ser His Ser Lys Ala Ala Ser 
4 OS 41O 415 

Phe 

Met 

Asn 

Tyr 

Luell 

Wall 

Asn 

Wall 
160 

Ile 

Glin 

Phe 
24 O 

Luell 

Pro 

Glu 

Ser 

Ala 

Ala 

Wall 

Gly 

Ala 
4 OO 

Gly 

102 



His 

Asp 

Wall 
465 

His 

Ser 

Thir 

Ala 

Ala 
5.45 

Ser 

Ser 

Thir 

Asp 

Luell 

Ser 

Ser 
450 

His 

Wall 

His 

Ala 

Ala 
53 O 

Ile 

Ser 

Asp 

Asn 

Glu 
610 

Ala 
435 

Wall 

Phe 

Ser 

Pro 

Asp 
515 

Asp 

Ala 

Pro 

Thir 

Asp 
595 

Met 

Pro Wall 
42O 

Thir Wall 

His Phe 

Llys Pro 

Ala Gly 
485 

Llys Pro 
SOO 

Tyr Pro 

Asn. Pro 

His Pro 

Ala Ala 
565 

Ile Ala 
58O 

Tyr His 

Ala Wall 

<210s, SEQ ID NO 5 
&211s LENGTH: 1776 
&212s. TYPE: DNA 
&213s ORGANISM: Mus 

<4 OOs, SEQUENCE: 5 

103 

Ser Gly His 

Tyr Pro Llys 
44 O 

45.5 

Ala Ser Ser 
470 

Ser His Ser 

Ile Llys Pro 

Llys Pro Ala 
52O 

Glu Lieu. Ser 
535 

Val Ser Asp 
550 

Gly Pro Thr 

Asp Lieu Pro 

Asp Val Val 
6OO 

musculus 

atggcc acgg tocc Caagag caa.catggga 

tgcattggct 

tgcgcaatgg 

gtgaccalaga 

gCagacatgc 

ggctgggat.c 

gtcggttc.ca 

agcct c caat 

tgggtcatga 

cct cqcacct 

gtctgcatcc 

atcaaagtgc 

gttctgaaatt 

gtcaatgtgc 

aactggctitt 

atctacggta 

cggcacccta 

gtaagctgcc aaa.gc.ccgac 

t catcacagt cqt cqtagac 

acaagaagct c cqaaattict 

tggtggc.cat citacc cctac 

tgagt cagct C cagtgc.cag 

tottcaac at tactgccatt 

acaagcggat Ctt cagcctg 

ctgtcc tiggc tigt cctogc ct 

acacctgcat cittcaactat 

actitcgtoct coctotcatc 

tggcagc.ccg tacccagot 

ttctaaccat gtttgttgatc 

t cactgttgtt ggtggctgtc. 

atc.ttgcago C tactgcata 

t cct caatga gag titt.ccga 

toctottcat citcto accitc 

Ser 
425 

Pro 

Ser 

Asn 

Ala 
505 

Thir 

Ala 

Asp 

Asp 
585 

Wall 

Ala 

Wall 

Pro 

Ser 
490 

Thir 

Thir 

Ser 

Ser 

Pro 
st O 

Pro 

Wall 

Pro 

Ser 

His 

Lys 

Ala 

Ser 

Ser 

His 

Asp 
555 

Ala 

Thir 

Asp 

Cct acaaagg 

taccc.gc.cag 

Ctgat cqgga 

ggcaa.catct 

c ctittgatgc 

gcc at caacc 

cgcaa.cactt 

aacatgtaca 

gtgaacaatc 

at agttggitt 

ggacagaatc 

titcct cottt 

att coaaagg 

gcc tact tca 

agagaatact 

atcagtgata 
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Ala 

Wall 

Phe 
460 

Pro 

Phe 

His 

His 

Cys 
54 O 

Lell 

Ala 

Wall 

Wall 

Ser 

His 
445 

Ile 

Asn 

Ala 

Pro 
525 

Pro 

Pro 

Ser 

Wall 

Glu 
605 

Gly 
43 O 

Phe 

Pro 

Thir 

Ala 

Glu 

Glu 

Glu 

Glin 

Thir 
59 O 

Asp 

cggttcc cac 

Ctectaat Cat 

act coatggit 

tgitatgc cat 

tggtcacagg 

gttactgcta 

gcatctatot 

ttggcac cat 

ctgcc tttac 

attgctacac 

ctgacaacca 

ttgcagtgtg 

aaatggcagg 

acagotgcct 

ggaccatctt 

titcgggagac 

His Pro 

Lys Ala 

Asp Ser 

Gly His 

Ala Thr 
495 

Pro Thir 

Pro Ala 

Ile Pro 

Ser Ala 
560 

Lieu. Glu 
sts 

Thir Ser 

Asp Pro 

cc catt.cggc 

citt catgttc 

cattttggct 

cct citctgtg 

gtCagttggg 

actgagcgta 

catctgccac 

ggtcgttacc 

tgagtatgac 

cgtgaccatt 

gaaaatctgg 

gtttgctgag 

Ctggtgc cct 

caagat.ccc.c 

caacgc.catc 

c catgctatg 

ttgggagacic 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

104 



cgagct ct ca 

gatgcatcag 

acttctgtct 

tctgcct citg 

ttcaaaccc.g 

Cattac aggg 

agt cacccta 

actgttgact 

Cctgaggit ct 

atttctgc ct 

actgcaatcc 

gatgattctg 

< 4 OOs 

Ctcgtgc.ccg 

tcgctgtgga 

CaCCCC actic 

accocaaacc 

tttacCCtaa 

cct ctogttca 

ctgct tccaa 

catccatggc 

atctogaacc 

cagcct coca 

citgtcct tcc 

c cattgcctic 

attgctctga 

SEQ ID NO 6 
LENGTH: 591 
TYPE : 
ORGANISM: Mus 

PRT 

SEQUENCE: 6 

105 

tgtc.cgtgcc 

ggggaccc.ca 

tgatcgtgcc 

tgcct citatic 

gcc agcct co 

titt Caagggit 

acttgtcacc 

tggctacatt 

tgccaccacc 

ttgccttgag 

ttctgtaccc 

tggtgattac 

tgagatggct 

musculus 

Met Ala Thr Val Pro Llys Ser Asn 
1. 

Thir 

Pro 

Wall 

Lys 
65 

Ala 

Met 

Gly 

Ala 

Lys 
145 

Trp 

Ile 

Asn 

Lell 

Ala 
225 

Pro 

Ala 

Asp 
SO 

Asp 

Ser 

Luell 

Ile 
13 O 

Arg 

Wall 

Glu 

Pro 

Ile 
21 O 

Ala 

Phe 

Luell 
35 

Luell 

Luell 

Met 

Wall 

Wall 
115 

Ala 

Ile 

Met 

Tyr 

Ala 
195 

Ile 

Arg 

Gly Cys Ile Gly Cys 

Ile Ile Phe Met Phe 
4 O 

Ile Gly Asn Ser Met 
55 

Arg Asn. Ser Gly Asn 
70 

Lieu Val Ala Ile Tyr 
85 

Gly Gly Trp Asp Lieu. 

Thr Gly Lieu Ser Val 
12 O 

Ile Asn Arg Tyr Cys 
135 

Phe Ser Lieu. Arg Asn 
150 

Thir Wall Lieu Ala Wall 
1.65 

Asp Pro Arg Thr Tyr 
18O 

Phe Thir Wall. Thir Ile 

Val Gly Tyr Cys Tyr 
215 

Asp Pro Ala Gly Glin 
23 O 

cgtgat Caag 

aggaacgt.cc 

tctgtc.cgt.c 

caccacaagt 

tctgtc.catt 

gacitctgtct 

agt caccgta 

aaatctggta 

agccact citg 

atgaccagca 

titcgagcttg 

cgcaaggtog 

gtgttga 

Met Gly Pro 
1O 

Llys Lieu Pro 
25 

Cys Ala Met 

Wall Ile Lieu. 

Ile Phe Wall 
7s 

Pro Tyr Pro 
90 

Ser Glin Lieu 
105 

Val Gly Ser 

Tyr Ile Cys 

Thr Cys Ile 
155 

Luell Pro ASn 
17O 

Thr Cys Ile 
185 

Val Cys Ile 

Thr Lys Ile 

Asn Pro Asp 
235 
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tcc.gaga.gca 

ggaatgttct 

c caa.gc.ccca 

ctatttctgg 

atttcaaggg 

t ct ctgctgg 

c cago caccc 

tgct cactgc 

ctggccacct 

ctgccaccc.c 

tgct tattga 

Thir 

Wall 

Ala 
6 O 

Ala 

Lell 

Glin 

Ile 

His 
14 O 

Met 

Phe 

His 

Trp 

Asn 

Pro 

Ile 
45 

Wall 

Ser 

Met 

Phe 
125 

Ser 

Lell 

Asn 

Phe 

Ile 

Glin 

Ala 

Asp 

Thir 

Thir 

Luell 

Luell 

Glin 
11 O 

Asn 

Luell 

Wall 

Ile 

Tyr 
19 O 

Wall 

Phe 

agagcgtgct 

actgcctggit 

aac caggtot 

ccaccc.caag 

citctgtc. cat 

aga cactgtc 

c cott coacc 

tgccaccacc 

tgtcgacctic 

cagagctgac 

tcc tigatacc 

tgatgattct 

Wall Pro 
15 

Tyr Pro 

Wall Wall 

Lys Asn 

Ser Wall 
8O 

Tyr Ala 
95 

Met Wall 

Ile Thr 

Gln Tyr 

Wall. Thir 
160 

Gly Thr 
17s 

Wall Asn 

Leul Pro 

Wall Lieu 

Ala Glu 
24 O 

14 O 

2OO 

26 O 

32O 

44 O 

SOO 

560 

74 O 

776 

106 



Wall 

Lell 
3. OS 

Arg 

Thir 

Glin 

Thir 

Pro 
385 

Thir 

Gly 

His 

Ala 
465 

Ser 

Pro 

Ser 

Lell 

Wall 
5.45 

Thir 

Asp 

<21Os 
<211 > 
<212> 
<213> 

< 4 OOs 

atggcc acgg tocc Caagag caa.catggga cctacga agg caatt CCCaC cc cattcggc 

tgcattagct gtaagctgcc aaa.gc.ccgac tacccaccag cqctaat cat citt cqtgttc 

tgcgcaatgg tdatcactgt cqtcgtagac Ctgattggala act coatggit cattttggct 

Arg 

Trp 

Glu 

Ile 
29 O 

Asn 

His 

Trp 

Wall 

Pro 
37 O 

His 

Ser 

His 

Gly 
450 

Ser 

His 

Ala 

Wall 

Glu 
53 O 

Luell 

Ala 

Asp 

Asn 

Met 

Ala 

Glu 

Pro 

Glu 

Arg 
355 

Arg 

Ser 

Wall 

Pro 

Lys 
435 

Asp 

Pro 

Thir 

Luell 
515 

Met 

Pro 

Ile 

Asp 

Phe 

Pro 
26 O 

Ala 

Ser 

Ile 

Thir 
34 O 

Glu 

Asn 

Asp 

Lys 

Pro 

Ser 

Luell 

Thir 

Thir 
SOO 

Thir 

Thir 

Ser 

Pro 

Ser 
58O 

SEQUENCE: 

Lell 
245 

Wall 

Gly 

Phe 

Phe 

Lell 
3.25 

Glin 

Wall 

Arg 

Arg 
4 OS 

Ser 

Ala 

Wall 

Wall 

Ser 
485 

Thir 

Ala 

Ser 

Wall 

Ile 
565 

Asp 

SEO ID NO 7 
LENGTH: 
TYPE: DNA 

ORGANISM: Rattus norvegicus 

1785 

7 

Thir 

Asn 

Asn 

Arg 
310 

Phe 

Ala 

Glu 

Arg 

Ala 
390 

Ala 

Ser 

Thir 
470 

Met 

Wall 

Wall 

Thir 

Pro 
550 

Ala 

Asp 

107 

Met 

Wall 

Ile 

Ser 
295 

Arg 

Ile 

Lell 

Arg 

Asn 
375 

Ser 

Pro 

Ser 

Wall 

Phe 
45.5 

Ser 

Ala 

Asp 

Asp 

Gly 
535 

Phe 

Ser 

Ser 

Phe 

Luell 

Pro 
28O 

Glu 

Ser 

Thir 

Ala 
360 

Wall 

Wall 

Ala 

Wall 

His 
44 O 

His 

Gly 

Luell 

His 

Glu 

Gly 

Asp 

Wall 

Thir 
265 

Asn 

Luell 

His 

Arg 
345 

Arg 

Luell 

Arg 

Ser 

Tyr 
425 

Phe 

Gly 

Arg 

Luell 
505 

Pro 

Luell 

Luell 

Asp 

Cys 
585 

Ile 
250 

Wall 

Trp 

Asn 

Trp 

Luell 
330 

Ala 

Ala 

Luell 

Pro 

Ile 

Pro 

Asp 

Ile 

Ile 
490 

Glu 

Glu 

Arg 

Ala 

Tyr 
st O 

Ser 

Phe 

Luell 

Luell 

Ala 

Thir 
315 

Ile 

Arg 

Pro 

Lys 
395 

His 

Pro 

Thir 

Ser 

Pro 

Wall 

Ala 

Ala 
555 

Arg 

Asp 
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Lell 

Wall 

Ile 
3 OO 

Ile 

Ser 

Wall 

Wall 

Gly 

Pro 

His 

Pro 

Ala 

Wall 
460 

Ala 

Ser 

Ala 

Ser 

Asp 
54 O 

Thir 

Glu 

Lell 

Ala 

Lell 
285 

Ile 

Phe 

Asp 

Arg 

Ala 
365 

Asp 

Glin 

Ala 

Ser 
445 

His 

Gly 

Gly 

Thir 

Ala 
525 

Ile 

Pro 

Wall 

Met 

Phe 

Wall 
27 O 

Ala 

His 

Ile 

Ala 
35. O 

Wall 

Ala 

Thir 

Ser 

Ser 
43 O 

Wall 

Pro 

Thir 

Thir 

Ser 

Ser 

Pro 

Wall 

Ala 
59 O 

Ala 
255 

Ile 

Ala 

Gly 

Ala 

Arg 
335 

Arg 

Glu 

Ser 

Arg 

Ile 
415 

Ser 

His 

Arg 

Ser 

Ser 
495 

Ser 

His 

Ala 

Asp 

Luell 
sts 

Wall 

Wall 

Pro 

Ile 

Met 

Glu 

Asp 

Gly 

Ala 

Ser 
4 OO 

Ser 

Wall 

Phe 

Ala 

Thir 

His 

His 

Ser 

Thir 
560 

Ile 

12 O 

18O 

108 





Met 

Gly 

Ala 

Lys 
145 

Trp 

Ile 

Asn 

Lell 

Ala 
225 

Wall 

Lell 
3. OS 

Arg 

Ala 

Glin 

Thir 

Ser 
385 

Thir 

Gly 

His 

Ala 
465 

Ser 

Arg 

Ser 

Ser 

Luell 

Ile 
13 O 

Arg 

Wall 

Glu 

Pro 

Ile 
21 O 

Ala 

Arg 

Trp 

Glu 

Ile 
29 O 

Asn 

His 

Trp 

Wall 

Pro 
37 O 

Pro 

Ser 

His 

Gly 
450 

Ser 

His 

Ala 

Wall 

Wall 

Wall 
115 

Ala 

Ile 

Met 

Tyr 

Ala 
195 

Ile 

Arg 

Asn 

Met 

Ala 

Glu 

Pro 

Glu 

Arg 
355 

Arg 

Ser 

Wall 

Pro 

Lys 
435 

Asp 

Pro 

Thir 

Luell 
515 

Gly 

Thir 

Ile 

Phe 

Thir 

Asp 
18O 

Phe 

Wall 

Asp 

Phe 

Pro 
26 O 

Ala 

Ser 

Ile 

Thir 
34 O 

Glu 

Asn 

Asp 

Lys 

Pro 

Ser 

Luell 

Thir 

Thir 
SOO 

Thir 

Gly 

Gly 

Asn 

Ser 

Wall 
1.65 

Pro 

Thir 

Gly 

Pro 

Lell 
245 

Wall 

Gly 

Phe 

Phe 

Lell 
3.25 

Glin 

Wall 

Arg 

Arg 
4 OS 

Ser 

Ala 

Wall 

Wall 

Ser 
485 

Thir 

Ala 

Trp 

Lell 

Arg 

Lell 
150 

Lell 

Arg 

Wall 

Tyr 

Ala 
23 O 

Thir 

Asn 

Asn 

Arg 
310 

Phe 

Wall 

Asp 

Arg 

Ala 
390 

Ala 

Ser 

Thir 
470 

Met 

Wall 

Wall 

111 

Asp 

Ser 

Tyr 
135 

Arg 

Ala 

Thir 

Thir 

Cys 
215 

Gly 

Met 

Wall 

Ile 

Ser 
295 

Arg 

Ile 

Lell 

Arg 

Asn 
375 

Ser 

Pro 

Ser 

Wall 

Phe 
45.5 

Ser 

Ala 

Asp 

Asp 

Luell 

Wall 
12 O 

Asn 

Wall 

Ile 

Glin 

Phe 

Luell 

Pro 
28O 

Glu 

Ser 

Thir 

Ala 
360 

Wall 

Wall 

Ala 

Wall 

His 
44 O 

His 

Gly 

Luell 
52O 

Ser 
105 

Wall 

Thir 

Luell 

Thir 
185 

Wall 

Thir 

Asn 

Wall 

Thir 
265 

Asn 

Luell 

Tyr 

His 

Arg 
345 

Arg 

Luell 

Arg 

Ser 

Tyr 
425 

Phe 

Gly 

Arg 

Tyr 

Luell 
505 

Pro 

Gln Lieu. 

Gly Ser 

Ile Cys 

Cys Ile 
155 

Pro Asn 
17O 

Cys Ile 

Cys Ile 

Lys Ile 

Pro Asp 
235 

Ile Phe 
250 

Wall Lieu. 

Trp Lieu 

Asn Ala 

Trp Thr 
315 

Lieu. Ile 
330 

Ala Arg 

Ala Cys 

Leul Pro 

Pro Llys 
395 

Ile His 
41O 

Pro Arg 

Llys Pro 

Asp Thr 

Ile Ser 
47s 

Ile Llys 
490 

Glu Pro 

Glu Wall 

US 7,998,685 B2 
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Glin 

Ile 

His 
14 O 

Wall 

Phe 

His 

Trp 

Asn 

Lell 

Wall 

Tyr 

Ile 
3 OO 

Ile 

Ser 

Wall 

Wall 

Gly 

Ser 

His 

Pro 

Thir 

Wall 
460 

Ala 

Ser 

Ala 

Ser 

Cys 

Phe 
125 

Ser 

Lell 

Asn 

Phe 

Ile 

Glin 

Lell 

Ala 

Lell 
285 

Ile 

Phe 

Ala 

Arg 

Ala 
365 

Asp 

Glin 

Ala 

Ser 
445 

His 

Gly 

Gly 

Thir 

Ala 
525 

Glin 
11 O 

Asn 

Luell 

Wall 

Ile 

Tyr 
19 O 

Wall 

Phe 

Phe 

Wall 
27 O 

Ala 

His 

Ile 

Ala 
35. O 

Wall 

Ala 

Thir 

Ser 

Ser 
43 O 

Wall 

Phe 

Pro 

Thir 

Thir 

Ser 

Met 

Ile 

Glin 

Wall 

Gly 
17s 

Wall 

Luell 

Wall 

Arg 
335 

Arg 

Ala 

Ala 

Arg 

Ile 
415 

Ser 

His 

Arg 

Ser 

Ser 
495 

Ser 

His 

Wall 

Thir 

Tyr 

Thir 
160 

Thir 

Asn 

Pro 

Luell 

Glu 
24 O 

Wall 

Pro 

Ile 

Met 

Glu 

Asp 

Gly 

Ala 

Ser 
4 OO 

Ser 

Wall 

Phe 

Ala 

Thir 

His 

His 

112 



Lell 

Ile 
5.45 

Pro 

Wall 

Ala 

113 

Glu Met Thir Thr Phe Gly His Leu Lys 
53 O 535 

Lieu Pro Thir Wall Pro Pro Glu Lieu. Ala 
550 

Asp Ala Thr Val Ile Pro Ile Pro Thr 
565 st O 

Lieu. Ile Asp Asp Asp Ser Asp Asp Ser 
58O 585 

Wall 

<210s, SEQ ID NO 9 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 9 

ggaaagctta acgatc.ccca ggagcaac at 

<210s, SEQ ID NO 10 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 10 

Ctgggat.cct acgaga.gc at ttitt Cacaca g 

<210s, SEQ ID NO 11 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: peptide 

<4 OOs, SEQUENCE: 11 

Thir 
1. 

Lieu. Glu Ser Ile Met 
5 

<210s, SEQ ID NO 12 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: peptide 

<4 OOs, SEQUENCE: 12 

Glu Tyr Asn Lieu Val 
1. 5 

<210s, SEQ ID NO 13 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: peptide 

<4 OOs, SEQUENCE: 13 

Asp Cys Gly Lieu. Phe 
1. 5 

<210s, SEQ ID NO 14 

US 7,998,685 B2 

- Continued 

Pro Asp Ile 
54 O 

Wall. Thir Ser 
555 

Gly Asp Tyr 

Asp Cys Ser 

Pro Ala Ser 

Ala Thr Pro 
560 

Arg Llys Val 
sts 

Asp Glu Met 
59 O 

3 O 

31 

114 



&211s LENGTH: 36 
&212s. TYPE: DNA 

115 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 14 

gatcaa.gctt C catggcgtg Ctgcctgagc gaggag 

<210s, SEQ ID NO 15 
&211s LENGTH: 53 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 15 

US 7,998,685 B2 

- Continued 

gatcggat.cc ttagaac agg cc.gcagt cct t caggttcag Ctgcaggatg gtg 

<210s, SEQ ID NO 16 
&211s LENGTH: 1062 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 16 

atggcgtgct gcctgagcga 

cggcagctgc gcagggacaa 

acaggggaga gtggcaagtic 

tact ctgacg aagacaag.cg 

atgcaggc.ca tat cagagc 

aaggct catg cacaattggit 

cc.cgactacg cggcaataaa 

agacgacggg aat atcagtt 

gtagcc.gacc ct tccitat ct 

acagggat.ca t caat accc 

gggggcCaaa got cagaga.g 

atgtttctag tag.cgcttag 

cgcatggagg agagcaaagc 

t cct ctdtga ttctgttctt 

caccitagt cd act act tcc.c 

gaattcatcc tdaaaatgtt 

cactitcacgt gcgc.cacaga 

accatcctgc agctgaac ct 

<210s, SEQ ID NO 17 
&211s LENGTH: 353 
212. TYPE: PRT 

ggaggcCaag 

gcgcgacgc.c 

gacct tcatc 

cggctt cacc 

gatggacaca 

tcgagaggtt 

gagcttgttgg 

atctgact ct 

gcc tacacaa 

ctittgactta 

aagaaaatgg 

cgaatatgat 

act ctittaga 

aaacaagaaa 

agaatatgat 

cgtggacctg 

taccgagaac 

gaaggactgc 

gaa.gc.ccgga 

cgc.cgggagc 

aag cagatga 

aagctggtgt 

citcaagatcc 

gatgttggaga 

aatgatcctg 

accalaatact 

Caagacgtgc 

caaagtgtca 

atccactgct 

caagttcttg 

acaattatca 

gat cittctag 

ggaccCC aga 

aac ccc.gaca 

atcc.gctitcg 

ggcctgttct 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 17 

chimeric polynucleotide 

ggat Caacga 

t caagctgct 

ggat catcca 

atcagaacat 

catacaagta 

aggtgtctgc 

gaatcCagga 

atctgaatga 

ttagagttcg 

ttitt cagaat 

ttgaaaatgt 

tggagt caga 

cct accc ctd 

aggagaaaat 

gagatgcc.ca 

gtgacaaaat 

t ctittgcagc 

a.a. 

chimeric polypeptide 

cgagat.cgag 

gctgctgggg 

citt cacggcc 

tgaacacaat 

ttittgacgt.c 

gtgctacgac 

Cttggaccgt. 

agt cc cc act 

ggtcgatgta 

Cacct Coat C 

Caatgagaac 

gttccagaac 

catgt attcc 

ggcagctica 

Cat Ctactic C 

cgt caaggac 

Met Ala Cys Cys Lieu. Ser Glu Glu Ala Lys Glu Ala Arg Arg Ile Asn 
1. 5 15 

36 

53 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

1062 

116 



Asp 

Glu 

Phe 

Asp 
65 

Met 

Glu 

Lell 

Tyr 
145 

Wall 

Arg 

Wall 

Ala 
225 

Arg 

Trp 

Lell 

Lys 
3. OS 

His 

Ala 

Phe 

Glu 

Luell 

Ile 
SO 

Glin 

Glu 

Trp 
13 O 

Glin 

Ala 

Wall 

Ile 

Trp 
21 O 

Luell 

Met 

Phe 

Glu 

Asp 
29 O 

Met 

Phe 

Wall 

Ile 

Lys 
35 

Arg 

Ala 

His 

Wall 
115 

Asn 

Luell 

Asp 

Pro 

Phe 
195 

Ile 

Ser 

Glu 

Glin 

Glu 

Gly 

Phe 

Thir 

Glu 

Luell 

Glin 

Gly 

Met 

Asn 

Ser 

Asp 

Ser 

Pro 

Thir 
18O 

Arg 

His 

Glu 

Glu 

Asn 
26 O 

Pro 

Wall 

Asp 
34 O 

SEQUENCE: 

22 

Arg 

Lell 

Met 

Phe 

Ile 
85 

Ala 

Pro 

Asp 

Ser 
1.65 

Thir 

Met 

Tyr 

Ser 
245 

Ser 

Ile 

Glin 

Asp 

Ala 
3.25 

Thir 

SEQ ID NO 18 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primer 

18 

Glin 

Lell 

Arg 

Thir 
70 

Arg 

Ala 

Phe 

Gly 

Ser 
150 

Gly 

Wall 

Phe 

Asp 
23 O 

Ser 

Met 

Arg 

Lell 
310 

Thir 

Ile 

117 

Lell 

Lell 

Ile 
55 

Ala 

His 

Asp 

Ile 
135 

Thir 

Lell 

Ile 

Asp 

Glu 
215 

Glin 

Ala 

Wall 

Asp 
295 

Asn 

Asp 

Lell 

tgc.cat caac cqttactgct ac 

<210s, SEQ ID NO 19 

Arg 

Gly 
4 O 

Ile 

Luell 

Met 

Ala 

Wall 
12 O 

Glin 

Pro 

Ile 

Wall 

Asn 

Wall 

Luell 

Ile 

Ser 
28O 

Ala 

Pro 

Thir 

Glin 

Arg 
25 

Thir 

His 

Wall 

Asp 

Glin 
105 

Pro 

Glu 

Thir 

Glu 
185 

Gly 

Wall 

Luell 

Phe 

Luell 
265 

His 

Glin 

Asp 

Glu 

Luell 
345 

Asp 

Gly 

Gly 

Thir 
90 

Luell 

Asp 

Glin 
17O 

Tyr 

Gly 

Thir 

Wall 

Arg 
250 

Phe 

Luell 

Ala 

Ser 

Asn 
330 

Asn 

Glu 

Ser 

Glin 

Luell 

Wall 

Luell 
155 

Glin 

Pro 

Glin 

Ser 

Glu 
235 

Thir 

Luell 

Wall 

Ala 

Asp 
315 

Ile 

Luell 

US 7,998,685 B2 
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Arg Asp Ala 

Ser 

Gly 
6 O 

Asn 

Arg 

Ala 

Asp 
14 O 

Asn 

Asp 

Phe 

Arg 

Ile 

Ser 

Ile 

Asn 

Asp 

Arg 
3 OO 

Gly 
45 

Tyr 

Ile 

Ile 

Glu 

Ala 
125 

Arg 

Asp 

Wall 

Asp 

Ser 

Met 

Asp 

Ile 

Tyr 
285 

Glu 

Ile 

Phe 

Asp 

Lys 

Ser 

Phe 

Pro 

Wall 
11 O 

Ile 

Arg 

Luell 

Luell 

Luell 
19 O 

Glu 

Phe 

Asn 

Thir 

Lys 
27 O 

Phe 

Phe 

Ile 

Wall 

Cys 
35. O 

Arg 

Ser 

Asp 

Thir 

Tyr 
95 

Asp 

Arg 

Asp 

Arg 

Glin 

Arg 

Luell 

Glu 

Tyr 
255 

Asp 

Pro 

Ile 

Phe 
335 

Gly 

Arg 

Thir 

Glu 

Ala 

Lys 

Wall 

Ser 

Glu 

Arg 
160 

Wall 

Ser 

Arg 

Wall 

Asn 
24 O 

Pro 

Luell 

Glu 

Luell 

Ser 

Ala 

Luell 

118 



119 

&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 19 

ggggat Cttg cct gcc attt 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 2O 

gctctgcct gtgtc.gctgt g 

<210s, SEQ ID NO 21 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 21 

Caaggcaatg ggaggctgag a 

<210s, SEQ ID NO 22 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 22 

Catt C9gctg. Cattggctgt aa 

<210s, SEQ ID NO 23 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 23 

actic cqttico tdtgg.cgact tc 

<210s, SEQ ID NO 24 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 24 

gCaggctggg ct catcttag gitat 

<210s, SEQ ID NO 25 
&211s LENGTH: 24 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 25 

US 7,998,685 B2 
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21 

21 

22 

22 

24 

120 



US 7,998,685 B2 
121 122 

- Continued 

tctgggattt tdgcttgat gtgt 

<210s, SEQ ID NO 26 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 26 

gggcgc.ccgg ttctttittg 

SEO ID NO 27 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: primer 

<4 OOs, SEQUENCE: 27 

acacccagcc ggccacagtic g 

What is claimed is: 
1. A method of identifying a candidate compound as a 

modulator of body mass or adiposity in a mammal, compris 
ing the steps of 

(a) contacting the candidate compound with a G protein 
coupled receptor (GPCR) comprising an amino acid 
sequence having at least 80% identity to SEQID NO: 2; 
wherein the receptor couples to a G protein; 

(b) determining the ability of the compound to inhibit or 
stimulate functionality of the GPCR; 

(c) administering a compound which inhibits or stimulates 
functionality of the GPCR in step (b) to a mammal; and 

(d) determining whether the compound modulates body 
mass or adiposity in said mammal. 

2. The method of claim 1, wherein step b) of the method 
comprises detecting a second messenger. 

3. The method of claim 1, wherein said determining step b) 
is by a process comprising the use of a melanophore assay or 
by a process comprising the measurement of GTPyS binding 
to a membrane comprising the GPCR. 

4. The method of claim 1, wherein said contacting of the 
candidate compound with a GPCR comprises contacting the 
candidate compound with a eukaryotic host cell comprising 
the GPCR or with membrane thereof that comprises the 
GPCR. 

25 

30 

35 

40 

45 

24 
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21 

5. The method of claim 1, wherein the method further 
comprises formulating said compound as a pharmaceutical 
composition. 

6. The method of claim 1, wherein said GPCR comprises 
an amino acid sequence having at least 90% identity to SEQ 
ID NO: 2. 

7. The method of claim 1, wherein said GPCR comprises 
an amino acid sequence having at least 95% identity to SEQ 
ID NO: 2. 

8. The method of claim 1, wherein said determining step d) 
comprises measuring the weight of said mammal. 

9. The method of claim 1, wherein said determining step d) 
comprises measuring weight gain induced by a high fat diet. 

10. The method of claim 1, wherein the compound inhibits 
functionality of the GPCR. 

11. The method of claim 10, wherein the compound is an 
antagonist of the GPCR. 

12. The method of claim 10, wherein the compound is an 
inverse agonist of the GPCR. 

13. The method of claim 1, wherein the compound stimu 
lates functionality of the GPCR. 

14. The method of claim 13, wherein the compound is an 
agonist of said GPCR. 

15. The method of claim 13, wherein the compound is a 
partial agonist of said GPCR. 

k k k k k 


